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Sammary 

The rate of nitrate formation by Mitrobacter agilis in suspensions of two 
different types of red soil has been studied. It has been found that with the soil 
alone the rate of the oxidation of nitrite to nitrate by the bacterium is about the 
same’ as with Fred and Davenport’s medium, but when calcium or magnesium 
carbonate is added to the soil, the rate of-nitrite oxidation increases. The addi- 
tion of sodium carbonate to the soil on the other hand has been found to depress 
the rate of nitrite oxidation by Nitrobacter agilis. 


Introduction 

All the artificial media employed for the cultivation and growth of NitrobacUr 
agilis contain known constituents in definite amounts, and all the constituents 
of a particular medium produce a combined effect on the growth of the bacterium. 
Soil is a complex medium since it is composed of large number of inorganic and 
organic materials. It is, therefore, natural to expect that the influence of soil on 
the growth and activity of the bacterium will be different from that of artificial 
media. 

In order to find out the extent of influence of soil on the growth and acti^ty 
of Nitrobacter agilis we undertook a quantitative study of nitrate formation, by the 
bacterium by employing suspensions of soil as media. The chemical composition 
of the two soils, which have been employed, is given below : 

SOIL A 


Silica 

Sesquioxide 

Phosphoric acid (PjOj) 

Calcium oxide 
Manganese (as oxides) 

Organic carbon 
Total nitrogen 
Ammoniacal nitrogen 
Nitrite nitrogen 
Nitrate nitrogen 

Cation exchange capacity (m.e./lOO gm) 


84 - 25 % 

8 - 645 % 

0 - 05625 % 

0 - 4704 % 

0 - 040 % 

0 - 92 % 

0 - 098 % 

0 - 000236 % 

0 - 00548 % 

0 - 00493 % 

21-4 
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SdlL M 

Silica 1^6*09% 

Sesd uioxide 5 * 3 0 % 

Phosphoric acid (P^Os) 0-0645% 

Calcium oxide 0*49% 

Manganese (as oxides) 0*02570 

Organic carbon 0*76% 

Total nitrogen 0*091% 

Ammoniacal nitrogen 0*0035% 

Nitrite nitrogen 0*0001457) 

Nitrate nitrogen 0*0021% 

Cation exchange capacity (m.e./lOO gm) 24'00 


The following solutions were taken ; 

Solution A. Sterilized sodium nitrite solution containing one mg nitrogen 
per ml. 

Solution B. Containing all the constituents of Fred and Davenport’s 
medium^ except sodium nitrite. 

For the systematic study, six sets each comprising of four 250 ml conical 
flasks were taken. In each flask of the first two sets 1*0 g, in each flask of the other 
two sets 2*0 g and in each flask of the remaining two sets 3*0 g of the soil were 
taken. In this way the above six sets were split up into three groups, each group 
comprising of two sets. Into each of the three flasks of every set 0*01, 0*05 and 
0*10 g of MgGOa was added. The fourth flask of each set was left as such with 
no carbonate. 50 ml distilled water was then added to the contents of each 
flask. One more flask with 50 ml of the solution B was also taken. 0*2 ml of the 
solution A was then added to each of the above flasks. All the flasks were steriliz- 
ed at 15 lb pressure for 15 minutes in an electric autoclave. After steiilization 
the flasks were allowed to cool, and then 1 ml inoculum of a pure culture of Mtro- 
bacter agilis was introduced into each of the flasks ; all the flasks were then kept in 
an incubator. 

Nitrite was estimated in all the flasks of one set of each group after 48, 96, 
168, 240 and 360 hrs by Griess-Ilosovay method^. 

Total nitrogen (nitrite + nitrate) was estimated in the flasks of the other 
set of each group in the beginning and at the end of each experiment by brucine 
method*. 

Similar experiments were carried out with calcium and sodium carbonates 

also. 


Results and Discussion 

The total amount of nitrogen (nitrite + nitrate) remains the ’ same in tht 
beginning and at the end of each experiment as has been found by quantititive 
determination. This clearly indicates that there is no loss of nitrogen during the 
microbial oxidation of nitrite, and that all the nitrite which disappears changes 
only to nitrate. 

The results given below in Table 1 show that the oxidation of nitrite is 
fairly rapid in the medium which contains the soil A alone, and it is only little 
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less than that in the Fred and Davenport’s medium. It is also evident from the 
results that the rate of nitrite oxidation decreases with the increase in the amount 
of the soil added. 


TABLE 1 


JVitriie oxidation in suspensions containing soil A 


Nature of the 

Nitrite 

nitrogen left at different interirals 
(in mg) 

of time 

medium 


Time in hours 




48 

96 

168 

240 

360 

Fred and Davenport’s 
medium. 

0-1488 

0-0574 

0-0044 

- 

- 

1*0 g soil + 50 ml dis- 
tilled water. 

0-1561 

0-0893 

0-0163 

- 

- 

2*0 g soil + 50 ml dis« 
tilled water. 

0-1 63 1 

0-1071 

0-0356 

- 

- 

3*0 g soil 4* 50 ml dis- 
tilled water. 

0-1670 

0-1206 

0-0494 

— 

- 


the niedmm which has only soil B, (Table 2), the nitrite oxidation is more 
than that in the Fred and Davenport’s medium ; and further, here unlike soil A 
the rate of nitrite oxidation increases with increase in the amount of the soil added 


TABLE 2 

Nitrite oxidation in suspensions containing soil B 


Nature of the 
medium 


Nitrite nitrogen left at different intervals (in mg) 


Time in hours 



48 

96 

168 

Fred and Davenport’s 
medium. 

0-1488 

0-0574 

0-0044 

1*0 g soil + 50 ml dis- 
tilled water. 

0-1343 

0-0312 

- 

2*0 g soil + 50 ml dis- 
tilled water. 

0-1307 

0-0152 


3*0 g soil + 50 ml dis- 
tilled water. 

0-1316 

0-0131 

- 


240 360 


The addition of calcium carbonate to both the soil media has been found to 
enhance the rate of nitrification. The greater the amount of soil in the medium. 

c great^is the amount of GaGOg needed to produce maximum nitrate for- 
ma on. The ratio of the soil and GaGOg which produces maximum nitrite 
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oxidation in both the soil media _ is approx. 50 I to 25 : 1. The reason for the 
increase in the rate of nitrite oxidation must he in the fact that calcium is an 
important nutrient element for the bacterium and that the bacterium can also 
utilize carbonate ions as its source of carbon. Calcium carbonate also serves to 

neutrilize the acid produced during nitrification and this prevents the medium 

becoming acid. The higher acidity is not favourable for the growth and activity 
of Jiiirobucter agilis. 

The addition of MgCOa to the two media has also been found to enhance 
the rate of nitrification, but this enhancement is less than that which occurs in 

presence of GaCOg. The ratio of the soil and MgCOg which produces maximum 
nitrification in both the soil media is about 100 : 1 to 40 : 1. The reasons for the 
beneficial behaviour of MgCOg aie almost the same as have been pointed out in 
the case of CaGOj; but in the case of MgCOa these effects are less pronounced. 
Bomecke* reported that NUrobacier agilis would not grow in media from which Mg 
was omitted and the growth would be less where the amount of Mg is lower than 
the optimum. This also substantiates that Mg is an essential nutrient for the 
bacterium. 


Unlike GaCOg and MgGO,, the presence of NajCOg in both the soil contain- 
ing media has been found to retard the rate of nitrite oxidation , and the decrease 
jjg the rate is directly proportional to the increase in the amount of IMagGOg. The 

decrease in the rate of nitrite oxidation in the presence of NagCOg appears to be 

due to the fact that the latter when present causes dispersion of the^ soil and that 
the higher amounts of sodium ions are toxic to the bacterium. 1 he higher pH 

of the media due to NajGOg is also unfavourable for the growth and activity of 
the nitrate- forming bacterium. 
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Abstract 


The object of the present paper is to evaluate some finite integrals involving 
product of Bessel functions, by using the result of BAILEY [Some expansion in 
Bessel functions involving Appell’s function F^, Quart. J. Math, Oxford, 6 (1935), 


p. 235] 


bV =0 (A+2n) r(\+n) , 
r(/^ + l)r(t'+l) n=o I" JX-nn{ ) 


Pii - n, A + n; M+1, ‘' + 1 ; «*) 


The integrals obtained are very interesting and include as particular cases 
some known results. 


1. The object of the present paper is to evaluate some finite integrals involving 
product of Bessel functions. The integrals obtained are very interesting and 
include as particular cases some known results. 

BAILEY [3^ p. 235] has shown that 


Jii{bx) Jy{cx) 


2X-M-I' 00 (A 42ft) r(A+«) 

r(t‘+i) riv+i ) ,^—0 |_n 


Jx+in X 


Pd - n, X+n ; /‘4-1, r+l ; b\ c*). 

Multiplying both sides of (Tl) by f(x), then integrating with respect to V from 0 
to a and interchanging the order of integration and summation, we get 


/ 


a 


xX-i^-v 

0 


Jli.{l>x) Jv{cx)f(x) dx 


2X-l^-v 00 (A+2fi) r(A4-«) 


X 


{ 1 ' 2 ) Fi{-f>,X+n ; P-\-\,vJr1l 0^) [ J x+in (x) f{x) dx 

J 0 

£ 

for i^{A+|+l)>0 where /(a;)=0 (a^) for small at. 

The change of order of integration and summation is justified by the following 
conditions, [4, p. 500j ; 


^Frefint addnss ; Department of Mathematics, University of Jodhpur, Jodhpur, 


I 229 ] 



(*) the series 

» (a;) x+n ; ^ + 1 , v +1 ; b\ c^} 

n^o I— 

is uniformly convergent inO-^Af^/?,/^ being arbitrary. 

(n) f{x) is a continuous function of x for all values of x >a?o> 0 . 

{Hi} the integral on left converges absolutely, this is so if 

i?(X + C+l)> 0 » where/(A:) — 0 (;r^) for small x, 

2. In this section we shall evaluate some finite integrals with the help of result 

(1-2). 

If we take, 

f(^x) ^ [a - Jp{^) 

then using ( 1 * 2 ) and evaluating the integral on right with the help of a known 
result [ 8 , p. 302] we obtain, 

(2-1) Jo a;A-/‘-v+o-i _ x)l3-i Juibx) Jy(cx) Jp{x) dx 

h^c^Y{Q) «> r(X+n)r(X+2n P + a) 2-2«^^A+a^^+2»+P-^ _ 

“ i>'^Tr^iyr(p+i) „=o r{x+2«+P-Fa+/3) ' ^ 

-n, X+nj ^^+1^ >'+1 ; b^> c**) X 

p r i(^+2«T^+«)3 i(^+2«+-p+«+l), |(p + l), |(P+2) ; -a^l4; 1 

L X+ 2 n + l3 P+lj X+2;24"^+ Ij i(X+2w+P+®+/5), i(A+272-[~^'f"^+i5+l)J 
for R{k+i^’^P)>0 and R(I3)>0, 

If we take b-'C, then we get, 

(2-2) J" {a-x)^-^Jp{x) /?( + ‘’"f-} dx 

2 -^ r(i8) % r[A+n) r(X+ 2 n 4 -P-l-^) 2-^^ ^X-|.i/.+/3^-2n+P- i^ 

r(p+l) (^' + 1 ) r(P4-l 1 ^ r(\Hr 2 tz) r(A+ 2 ;z+p-f“a'-i- IS) 


P / - x + w, J(p+v-f 1), J(/*+r+2) . 4 ^2 ^ ^ 

^ ^ \ P + lj v+1, /i-f v+ 1 ^ J 

p f KX+2«-4“^+<^)} i(X+2n+P4 ®*hl)> i(^”h2) ; <2^/4 

\ X+2n+l, P+I, yXd-Sn-fP+l, p)^ J(\+2?2*-|-p 4 ®+^ + l) 

for i2(\4a+P)>0 and R{P)>0y 

as when two variables of Appell’s fourth hypergeometric function 
F 4 becomes equal, then it reduces to 4 F 3 [ 5 , p. 101 ] 




a, / 3 , J(r+S- 1 ), |(r + 8 ) . 

7, 8, r+8-1 
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and i?-function is defined by AL-SALAM and GARLirZ [1, p. 91 1], 

(2-4) R{\, % _ (-!)« (X+« + Il.,. x>^ 

n =0 u r((i+n+l) 

A r»ult similar to (2-2) has already been obtained by author 1 7 1. 

Example 2. 

If we take 

(<2 ^ o*-i 

Sl.“[t|. m we1e.r“‘“'"* “ "Sit. with dte help of a taown 

= r(p-i-A,+2n) 2-»« nP+<>-+A+2«-, 

r(/*+i)r(v+i) lJLr(A+2«TT^o^+XT2^ — ^ 


F^ (-fl, A+n ; /*+!, v+1; ^ ^(^d'A+2K)j |(p-|-X4-2n+l ) • _ ^2^4 . 

\A+2nd- 1, Kp+o- +A+ 2n),^(P4-ir_}-;L+2f24-ll/ 


( 2 - 6 ) 


•^(Ad-p)>0, and 22(o-)>0. 

If A=c then (2-5) reduces to the following form, 

x^^P-Ha-xr-^R(^ M + 




^ r(x"+«) r{p+\4-2/z) 2-^'^ 

r/^ir • 1 1 ^ " i ^ r./. ■ o ^ : 


t'(p+ 1} r(i'-i- Ij Ul T{X+2n) r(P+a-+x+ 2 «) 

X 


a^3 


). 


tFg f ^+”’ i(/*+‘'+l), i(p+»'+2) _ \ 

V p-fl, V+I, n-j-v^l ’ J 

f i(^'f'A4'2n), J(P4-\-j-2#z-j' 1) j — a®/4 
\ A4-2 m 4-1, |(p4-or-(-x-[-2nj, ^(P+a'4-x+2n+I) 
i2(A+P)>0, i?(<r)>0. 

Further if c-*0, then (2*6) reduces to a known result fb, n 1931 hv virtue, nr 
result due to FIELDS and WIMP [8, p. 19]. ^ ^ ^ ^ 

Example 3. 

If we take 


fix) = x-'>- Jp(a ~ x), 

then using (1-2) and evaluating the integral on right [6, p. 354] we get 

/ a o j 

x\->^-^-^Jp,ibx)J^{cx)Jp{a-x) dx 

0 

2 ^-/^-’' CO r(X+«) 

1v+l) r(v+”l)“ „lg — 7 a+2»+P (p) P^i - n, X+«, P+1, r+1; 
fori2(X+P)>0,iJ(p)>_ I. 
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tfi=c, then (2-1) reduces to the following form, 

(2-8) 1“ Jp[a- x) r(^ ^+t', tx, V, dx 

2A. « rU+n) ^ „ (-n, \+n, + -f-v+2) 

"r(/t+i)ir(v+i)„to |_n v+1, M+v+1 


; W 


for i2(X+p)>0 and R{9)> - 1. 

when <?-^0 in (2*7) then it reduces to a known result [2, p. 201], 

Example 4. 

If we start with, 

/(a;)=a:-i (fl - A;)-t ]p{a - x) 

then using (1-2) and evaluating the integral on right with the help of a known 
result [6, p. 354 (26)] we get, 

(2-9) (a - xY^Mbx) Jp{a - dx 


_ 2^-'"-'' b'" <='' “ (P+X+2«) r(X+n) ^ . . 

~ r(;-^+l )!(''+ 1) '■ IjL -J\-in+p{a)y 

Fi{— n, X+n ; t*+l j ’' + 1 ; b^, c^), 
fori2(X)>0, J2(P)>0. 

If b=c, then (2'9) reduces for the following form, 


( 2 - 10 ) 


(a - x)-^Jp{a -x) fi+v, n, y, 


dx 


2 ^p-i 1 (P + X+ 2 «) r(X+n ) 


riP+iiriv+i) 


IJL 


}\+m+p {®) X 


p /-n, X+n, J(l*'l"’' 4 "l)> K/^+''+ 2 )_ . .^X 
* » ( M+1, v + 1, ;.+ v + l ’ J 

for 2?(X)>0 and i2(p)>0. 

If c-»0, then (2-9) reduces to a known result [6, p. 354 (27)]. 

ExmpU 5 . 

If we take 

/(*)=*sa-i (a^-x^) P-^Jp(x) 

then using ( 1‘2) and evaluating the integral on right with the help of a known 
result [8, p. 298] we get, 

{2*11) J“ xX-P-v+sa-i (^2 _ 

^ 2-P-v-P-i [bP-cV r(g) « r(x+n) r{4(p-f X+2n+2a)} aP+X+ an+aa+ad-s ^ 

r(/*+i)r(v+i) r(P+i) ljLr(x+ 2 n) r{Mp+x+2«+2«+2d)} 
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'F^[ - riy X + /2 ; 1^ + 1 ; c^) x 

rp f i(^^+A+ 2 «+l), ^(p+X+2w+ 2)5 -^(pf X + 2 «)+a 

\ p+A+2n, P+lj A4'2/24-1> i(P^X+2n)-{-a-\~p 
i2(p+X+2tf)>0 and i 2 (/:?)> 0 . 



If we take b = ^ in (2*11) then it reduces to the following form ; 


(2-12) J“ A:A+2«-i(a8-A;2)^-i/p(A;) 




2~P~^ r(/ 3 ) “ r(A+«) r{^(P 4 -A+ 2 «+ 2 a)> aP+A+2»+2u+2j8-2 

n/*^- 1) r(*'+l) r(P+l) n=o ijl. r(A.+ 2n) r{^(P+A+2n+2a+2^ 

/ - n, X+n, •' + !)> i(P+>'+2). . \ 

*M /■+i.>+i.*>+v+i 

^ /' . (P-f " a + 2« T 1 J (P +A -f 2 k -}~ 2)5 4(p+x+2n -1-2^)^ ^^2 

^ X p+A + 2;i, P+lj A+2n-hl, 2(P+A+27^-(-2a-f 2/^’) ^ j * 
/2fp+A+2«)>0 and R[^)>0, 


The author is highly grateful to Dr. P. N. Rathie of M. R. Engineering 
College, Jaipur, for his keen interest during the preparation of this paper ° 

References 

1. A1 Salam, W. A. and Garlitz, L. Some functions associated with the 

Bessel functions. J. of Math, and Moch*^ 12^1 911-934, 1963. 

2. Baily, W. N. Some definite integrals involving Bessel function. Froc. 

London Math. Soc., 31 : 200-208, 1931. 

3. Baily, W. N. Some expansions in Bessel functions involving Appell’s func- 

tions F^. Quart, J. Math,, .[Oxford)^ 6 ; 233-238, 1935. 

4. Bromwich, T.J. I’ A. An introduction to the theory of infinite series. 

Macmillan, London, 1931. 

5. Burchnall, J. L. Differential equations associated with hypergeometric 

functions. Quart, f. Math, [Oxford), 13 : 90-106, 1942. 

6. Erdelyi, A., et al. Tables of integral transforms. McGraw HiU, Mew fork, 

Vol. 2 : 1954. 

7. Kalla, S. L. Transform methods and their applications. Thesis approved 

for the PhkD, degree of Raj, Univ, 1968. 

8. Luke,. Y,.L. Integrals of Bessel iunctions. McGraw Hill, Mew fork, 1962. 


[ 233 ] 



Proc, Nat. Acad. Sci,, India, 38(A), III & IV, 1968, 


On General Solutions of Polytropes Near the Origin 

By 


SNEH LATA 


Department of Mathematics^ K. N. Government College^ Gyanpur 


[Received on 16th December, 1967] 


Abstract 

General solutions of equation 


\ ri 

2 P + ^ dP , ) -KPn^i 

dr ' 


forr<i and for all positive values of n, including « = 0, have been arrived at 
by the series method, by expressing . . , and the solution oJ 

the equation for different values of n by expansion as Taylor's series. 


The equations governing the equilibrium of gaseous configurations 
(Chandrashekhar, S., 1939, Equations 6 and 7, p. 87) 


d? 

dr 


GM{r) 


dM[r) 


' dr • 

eliminating M{r) between the above equations, we have 


zA^r^P 


arc 

(1) 


dr 


)■ 


4r,pG 


It (Z 

7r \p 

eliminating P by the relation P=Ap^+^/” we have 

-) =- 


i 

dr 


r® P 


n 

n+i dP 
dr 


^Gk 


2n 

n+i 


n 

, n+i 


( 2 ) 

( 3 ) 


(3) is the Lane-Emden equation in terms of r and P. 

Solutions of the Lane-Emden equation have generally been considered in 
(I ; e)=variables. Recently Shambhunath (1966) has shown that rand Pare 
the only suitable variables for the study of the structure of polytropic configura- 
tions near the origin as the variables i and d are not defined at the origin In 
this paper we shall give a general solution of (3) in the form of a series for r< 1. 

Equation (3) can be written in the symbolic form as 




n ^ 
n+1 ■ P 




<2n 

n+i 

9 


(41 


vjhtxt K- - ArGk n+j 
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Let us assume a solution of (4) near the origin i.e., r<l in the form of the 

series 

P=P(,+cr® 4 -c?r*+ 

where ro=0 gives P = Po and dPldr=0, giving boundary conditions at the origin, 
and consequently series contains only terms of even powers in r. By substituting 
the foregoing series (5) in the equation (4; we get ^ 

P(2f+l2^fr*+ ^ (2fr+4dr3+ .... y^-\- ^ {2cr-\-4dr^+ . . . )P 

an-x 

'= K , . . . ) 

By substituting for P from (5) and equating the coefficients of like powers of r, wc 
can determine the coefficients c and d* Thus the series including the first three 
terms is found to be 


an 

P=Po+-|^Fo”'"' 




K 
45 • 


n 

^+1' 


zn-% 

n+i 


(A) 


where K is negative, the terms in (A) are alternatively positive and negative 

The expression (A) gives the general solution for all positive values of n including 
n == 0. For the verification of the general solution (A) of equation (4), we proceed 
to find the solution of (4) for n = 0, 1, 5 and verify the results derived therrfrom. 

Case 1. n=0. 

Equation (4) becomes for fl=0 



Integrating ( 6 ) twice we have 

p = r® - ^ + c. 
6 r 


where and are constants of integration. 

The general solution of ( 6 ) has a singularity at the origin. If, however, wc 
restrict to solutions which are finite at the origin then and we have 


P=,,+ ^ 

where JP==Po r =0 at the origin, hence ^ 2 =Po* Phus we have 

P-Po+ ^ 


(7) 


(S; 


above result as given in ( 8 ) is also obtained if we put 72 = 0 in the general 
solution (A). 


CaseTl. n=l, 

Equation (4) for n=l, becomes 


19 ] 
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‘5mce P=/(r) faking the solution of the differential equation (9) by exna 
sion as a Taylor’s series, we have 






+ 


dr^ 


-1“ { 

Ul dr^ ) 


+ . 


(10) 


We proceed to determine the values of Pj, P^, P^ etc. in (10). 

As r=0, dPldr=0 and -^Pg. 

Substituting the values of P^ and P^/r in (9) we have 
P.=KPJ3. 


By successive differentiation of (9) and substituting the values of Pjj P^ as r->0 
we get P 3 = 0 , P^= Pq ^tc. Hence the first three material terms in Taylor’s 


series (10) give 


P-Po 




(H) 


which is exactly the same as will be obtained from the general solution (A) on 

putting n = l. 

Case III. n—5 


The equation (4) on putting n=^5] becomes 

K p 2 op 

y = (12, 

Proceeding as before as r-$0, Pi=:0, P^^KjS. Pq®^® 

’^By differentiating (12) twice and substituting the values of P^, P^ etc, we get 
P3=:0 as r=0 and P^==4/9 ^-2 Po’/a 
Substituting the values of P^, Pg, Pg, P^ in (10) we have 

P=P„+| PoW3ri*+ :|lp„7/»;4. (13; 

Again (13) will be the same as will be obtained from the general solution for /z=5. 
We thus see that the equation 


?f( 

y- dr \ / 

governing the equilibrium of gaseous configuration can be studied in the neigh 
bourhood of the centre for all positive values of n, including w— 0, Thus by 
taking a suflBcient number of terms in the series solution (5), we can calculate the 
values of P for r<l to any required degree of accuracy. By taking finite number 
of terms, the series solution (5) can be used to study the structure of polytropir 
configurations for any value of n. 
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Mathematics Department^ A". jV*. Govt, College^ Gyanpur {Varanasi) 
[Keceivcd on 28th December, 1967] 

Abstract 

In this paper, the general solution of the equation 


1 d 
7^ dr 



dr / n -h 1 


P. 


for r<l and for all values of n, including «=0, have been arrived at by the series 
method. As an alternative solution, by Taylors series, has also been discussed. 
For the verification of the general solution arrived at, the actual solution of the 
general equation for n = 1 has been fully discussed. 

I'he equations governing the equilibrium of gaseous configuration are 
(Chandrashekhar, S., 1939, equation 6 and 7, p. 87) 


^ GM{r) 

dr r^ ^ 


^ M{r) = 47rr*p 


( 1 ) 


Eliminating M{r) in between the above equations, we have 


ldfr^dP\ 
r^dr\ P dr J 


^ 4irGP 


( 2 ) 


Eliminating P by the relation P = K we have 


- 

rUr \ 


dr 



( 3 ) 


where A'=4 tG/A. 

Equation (3) is the Lane-Emden equation in terms of r and which is written 
in the symbolic form. as 


B Pa - (n 


^ p r 


-A* 


p2-iyn 


(4) 


f) ’ r ~ n-r 1 

For the solution of (4) we assume a series expansion as lor r<l (near the origin) 
Let p = 


where r=0 gives P^Pq^ (central density) and =0, giving boundary condi- 
tions at the origin and consequently the series contains only terms of even powers 
in r. By substituting the foregoing series (5) in equation (4), we have 



- (n-l) (2cr Po»»-*+4(/r®/'o”'^+ . . )®+2«(2ppp«-8^4i/r2po”"*4- . . ) 
(Po»+^’Po”'^+^&'*Po”"*+ • • > ) 

Kn> 


n+1 




By equating coefficients of like powers of r, we can successively determine th 
coefficients c and d. Thus “ 

pn+iandrf-^ p2(nti) 

Thus the series with the first three terms is found to be 

p=p„n r 1 - — ~ P -4- — n 1 

“ L 6 n+1 ^ 360 (n+l)!^ '^® J (Aj 

Relation (A) shows that for a polytrope of a given index « the density of any 
point for r<l is a definite sub-multiple of the central density. ^ 

As an alternative method for obtaining 9 in terms of r in the neighbourhood 
of the origin will be obtained by expressing P=f[r). Applying Taylor's terksfor 
its expansion, we have 

Lp + iLi \-d? A=„ + 12 ( (6) 


For equation (4), for r=0, p=Po” we have dPldr = 0 and lim. — ^=p 

r ^(1 r 


+ 
r— 0 

£i 

r_0 r 


K n 


Hence we get p^^ - r- — ^ Pp®"-! 

o w4"l 

By successive differentiation of (4) we get 

P3=0,P.=fi. ni^En^) p 8 n-s 

® ’ * 15 (n+1)* “ 

On substituting the values of p^, Pj, Pp and in (6) we have 


p=Po” 


6 w-f 1 


r2po"--'+ ~ r*f, 2?i-2 , 

® ^ 360 (ft+1)* ^ 


] 


(B, 


where p = 0 determines the boundary of the star. We thus see that the equation 


Ilf 

r® dr\ 


p n 


h 

dr 


■K 


«+l 


pvermng the equilibrium of gaseous configuration near the origin can be solved 
tor r < 1 for aU positive values of poly tropes of index n including « = 0 Thus 
by talang a sufficient number of terms in the series oi the solution, we can calculate 
the values of p lor r < 1 to any required degree of accuracy. The equation (A) 
suggests that there is a strong concentration of mass towards the centre, whCTC 
the central density for r ~ 0 is 

DtUmtnatien of Afajs.— The mass M[r) interior to r is given by 

cR 

Af(r)= j Arirr p dr 

i 0 


[ 2^8 ] 



wliere R is the radius of the gas sphere, 

=45rPj” M 1 - ^ p n-l r ^ ” (8g-5) 2„.2 , \ 

Jo \ 6 K+l 0 ^360 (n+1)* V • • .) 


=47rPo” 


0 \ D K+1 “ ‘360 (n+l)a‘^ ^o-" ‘f • • . I 

n(8«-5)r’ „ -i. 

3 6 • «+l T + 360- “1^)2 T • • • • 

-.r* J.1 r* . . — 


Hence the total mass of the configuration. 


=4Ti2»Po«r#-f 

L 6 n+1 5^ 360 fn+H* 7 + - • 


^o-U-6 ^ 5-+ 3 To 1#!)^ V-= 

Let Pm denote the mean density of the matter interior to r then 


_ M{r) 


=P„ r 1 - pn-i -2 ,11 « (8n- 5) 

0 L 10- «+l ^0 ^ +840 


■.H+...] 


Relation (8) shows that for a polytrope of a given index n, the mean density is a 
^v^^by fo) have the mean densfty as 

- r , .fir „ . jT^ . 1 


l=Po [ 


1 __ 

20 ^1120 


For the verification of the series solution (A) we solve the general eouatinn 

1. The general equation (3 ), for n = 1 becomes ^ equation (3 j for 

dr^ ' r dr 2 

By the method of the removal of the first derivative (Normal form) putting p=uv 

_ ‘-M' 


u = 1/r, » = p„ 


Hence we get 


which i. a general .olnlion of (3) for » . 1^ If , i, s„all, we get an eapantion ol 


Hence, 


^=^0 l-Y7i>-® + 




"L 12 ^4^ ' "•••J 
which corresponds with (A) for n = 1. 
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On some results involying ^-functipn on Fox 

By 

RATTAN SINGH . 

Department of Mathematics, Government Science College, Rewa 
[Received on 15th February, 1967] 

Abstract 

The present paper is in continuation of an earlier one by the author investi 
gating further properties of H-Function of Fox. An integral involving .H^Function 
and App ell’s function Fj has been established besides other results from which the 
results recently obtained by Saxena (10, p. 47), Sharma ( 12 , pp. 73 - 74 ) and 
Rathie [8, p. 114(6)] can be deduced as particular cases. 

I. (atrodnctioa : The present paper is in continuation of an earlier one (9) bv 
the autho'rinvestigiting further properties of H- Function of Fox 14. d 408f52tr 
which following Gupta [5, p. 98(4)J, we define as ^ 


H 


m, n 


( 1 - 1 ) 


{ap,ep)'\ I (^1, «i), . . . , {op, Op) I 

_ Pif. . I • • • j {hgfjfq), J 




m 71 

II nh-fj-^) n r(i-a. + 


^ . II r(l - bj +fj . s) fl ’ T(aj - ej . s) 


ds 


,p)i 


p,q,n,m are integers satisfying o < n < j6, .1 < m ; ej, (j = 1, 2, 

//» (j = Ij 2, . . . , q) are positive numbers arid ay, {j = 1, . . . , p) • 

(i = I, • . . , j) are complex numbers such that 
(^■2) (l>h-f^) ¥^fh (aj - I - k) 

2, 3, ; A = 0, 1, 2, 3, ; 

A = 1,2,3, i = 1, 2, 3, . . . , « . 

and Z is a contour of Barnes type such that the poles of r(i,- - f- .r) (/— I 9 n,\ 

Ue to' the right and thdse of !( 1 - as 4- e • (7 -1 i o ^ 7 ' ( ' 

contour. Such a contour is possible on account if (1-2)^’ •••.«) to the left o/ the 

The followmg results, believed to be new, have been obtained in this note ; 

[”'1 " [(HO (‘v.‘v)k 


C,240 J 



] r 


^+^5 a + n+l 


(1 0 * 5 l)j (^13^1)3 • * * 3 {^n> ^n)) 3^1)3 • * *3 ^ 

(fln +13 ^nfx }3 • • . , {^53^3) 

X ff 

a+j+i,?+^+i' 

a 

• • ' 3 i^mifm)} ^1)3 • • . 3 


- 

(l-^rY-a*Ay+rAy,^y),(l 4-r-cr3l )5(^y^ Ks/m+i)!* ♦ • i{^q,fq) - 


ns m q 

provided X= 2 ^ («/) + S (//)-. S {fj) > 0, 

^ ^=1 ^=:n-M ^=1 ^=m+l 

i arg («) I < i A,ir, | arg (i) 1 < ^ , 


/i = I {hj) - S (Ay) + I (/y) - ^ C/y) - I > 0, 

y=i ' y=j 3 i;i y=i ' y=a+i 


i? cr + min J 

1 - m a x Rju j) J 1 - max R{c j + v Ay - A y) J ^ ^ 

0 ^ j ^ n ^ ^ ^ 

<, = 1, a, = 1 - cr, the series on the right is absolutely convergent. 


(A) 


57.2^-» . 


CO 
V 


dx 




m+ 25 « 
p, q-i 2 


,.v f=o I r . sin ( - vtt) r(r + v + 1) (;X+8^+^ 

(^13 ^i)> i^py ^p) 

( M^P + p, 5 ), ( ^ + p, I )(».,/.). . .,(«„/,) 


^ 


«h.re ii|i±.±P+ i^l^VlJ>o,J!(p±/)>0. 
7 = S («/) - . 2 (e/) + .2 (/>)- 

jr=i ^=n+i j—m+i 

1 arg U) !-< i T' ’T. 
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yV.a-t JJ 


n+Jj m-j-I 


4 ). 




J+2.M2 (ir-jL 


p \ 

X i?-, 1 + i «a-| 

L- ’ > TtJ ^ 


%A),../ I-. f£ 


i+fiL Aj' 


r(l + V). y ^ 

n Ti/ .T « , • 2 


’■=“ iiTn^ 




* ~ ^=* ~ /-n+ 1 ^^'^' +!'(/;)- 2 f /-0 -). 1 

/~n+i (/y) + Ai - A, > 0 , 


where 




^ < m 


+ + - ™ax_ gf) 1 ^ 

ej f * 


^ |«+2£-i/-j ^ y(l - max a yl 

• 


0 <y< « 

S 2 - 2 -, 


^<J<n 

> 0 , eg = Ai, flo = -~^ ~ 


-TZ?( 2 T^rfV^ 

«+ 2 ,«r . 

... r , + " + ,w.)J 


21-a-^ i/ « 4 4, fl 

/* + 2, 9 + 4 


4 . A ^ . . , (. p , A /^^+1 ^ \- 

( +^ A„ (a-r, 

• • •• > (ijj/j) . 
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where 


min^^ > 0. 

1 <:j <rn 

R{1 ±2v)> \R{a^l3) 1, 1 ± 

It may be remarked here that results recently obtained by Saxena (10, p. 47), 
Sharma (12, pp. 73, 74) and Rathie { 8, p, 114(6) } may be derived as particular 
cases of these results. 

2. The following results shall be required in our inversigations [6] ; 


OT, n 

/>. ? 

1 1 

«l), 

/l) 

{ap, fp) 1 

3 . • * • > i^qyfq) J 

m, n 

fv I'"*' 

+ «i), . . 

. . . , (flp 4 O' ^J3> 

p> ? 

L l(*x 

+ ' 


. . , (^2 4- ^fqifq) 

m, n 

r.- 


^ 1)3 • • • • 

, (ap, ep) 1 


L* 

(il. 

/l)3 • • • * 

3 {^qyfq) J 

n, m 


“ ^ 15 ^ 1)3 • • * • 

. , (1 - 1 

?. P 

L 1(1 

- <2^, ei), . . . • 

, (1 - ap, Bp) J 


1 («1> «l)j 

• • 4 

. , {dp, ep) 


a a: 

1 (^./l), 

. . , 

• 3 [^qyfq) 

J ^ L 1 {du «i)j 


(fli, ^i), . • • 5 ^n)> (1 - til), • . . > tit) 

jj /+m, n+* a 

• • • > (^W3/m)j (l~^r *1)5 • ‘ M 

* k { 0^4-15 Jwi+l/ 3 • • * > K^qiJq) 


wh^rc y — 

1 arg (<») 1 < i 


2 {ej) - I + S (//) - . 2 ifj) > 0. 

/=n+l ^ y= ^='"+1 




1 ^ J 


1 - max R{aj) J ^ 1 - mzx Rjc j) j ^ 

7' = .2 {hj)- . S (A/) + .^ 

/=1 ^=5^+1 3 


1 <j<m 

J > 1, 


1 > 0 , 


[ 3 



(2-4) 


K^{a x)f{x ) ; p) 

= 2 - g) 

0,-0- pX+y~+o-.i r* {i(x + o- 4- V i 

{/(^) ’■->'> = /^ C^J)* A (^J)/!*) A; J 
/(*). -ffv {/(^) ; ^ } belong to 1(0, co), Ji^x ± i. + , ^ ^ 

r(a + 6) r(^.%^ and r* (a ± i) is used to denote the product 

(2*5) H, 


x°- X 




i^r^ii fiY, (i-i f ) 

n+p+i ^ 


/'i+p+v ^ . 

(,-T— . K,J, , . . _ ^ii|±j;, i \J ;. 

•iJ 1. ‘ •' 


?+2,/+2 ^ 


( ^ v)’ • • • ’ j, ^), • ,.: 

i)-’' j (i+5-S. 1), ^ ^ _ (l-vA) ' 

( T ). (»-“.. ^), . . . Aj_\ 

A/ , 


2 * 


wl>ere J!(<, + ,) + + } > 0, = j., = I - > 

o<y<n 

^(“ - ■>' “in ^j-) < 0, 

^ KJ ^ m 
m 

y=J+x («/) - («y) + Ax - Aa > 0, 

i aiS (X) I < J 8W. 
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ii given by Shama { Fl, p.*^n2).'^^* ^ ^ Theorem on H-Fimctioas (9) while (2^) 
We .hall .1. .he conveml.nai ^ 

•Up) - pf «T‘ g(l) it. 

3. we re. abo„. proving 4. (a), („, (r, .nd (g, of Arh 1. 

Proof of (a)-. 

From Onpm (5 ; p. 99 re»l. (7) ] if 

i” ff I (“i.e,) .(a,.,,) I 

- g.(0 ■ ■ ■ ■ J 


where 


Rip) > Oy R{^ + min ^ > 0, 

fj 

^ < m 


n 


4 |c/f)- ,1 t/f)>0, 

and 

<>2{p) 3 [Cy, hy) ] 


• e 


,-ht 


«3 ^ 1 [C^, hi), , (^Cy, hy), ( 0 , 1 ) ] 


where 


^ ^+13 4 M ^1)3 3(4^57 

gtii) 

R{P) > 0, R{b) > 0, ■R(-^^) > 0, 

1 </<i 8 


0 


then put. mg diere values in the Goldstein Theorem of Operational Calculus si. : 
f «.(')■ *«). 7-- f g.(t). m * 

Jo t 

c 2i5 :j 



where 
we get 


^r{P)=iT{t),r= 1,2. 


/ “ m,n 

0 j, q 


{fil %)> • • • 3 ^s) fj ^ 

(h>fi)> • • • 3 (*23/2). v, 8 _ 


“3 ^ r 1 I (<^13 ^ 1)3 • • . • , {Cy, Ay), (0, 1)“] 


_ f * -ht f-(r-l Tf ^ J - • • • • 3 (^^73 Ay), ( 0 , 1 

J 0 ^ Y + l,8,i ((^1, li), .... (<f§, Zg) 

m, n + 1 r^,! ~ (^i> ^t)> • • • 3 (^*3 «a) 


^+1,? LM(Ai,/,)3 (* 53/2) 


Expanding e-^‘ in powers of b, interchangmg the order of summation and 
integration which is permissible vide (1; Art. 176. B), changing < to 1//. usine 
(2*1) and applying (2-3) to integrate term by term we get the desired result undw 
the conditions stated. 


Putting e, = 1 =... = eg = fi = 
wc get Saxena’s result (10; p. 47). 


fq ~ K — • • • — Ay = /j = . . . 


But with regard to the statement of this result of Saxena attention may be 
invited to the following points : 

(i) There appears to be a defect in the notation as r occurs in the parameters 

of G-function as well as in the summation. 

(ii) The condition 1 arg (A) ] < t is not correct. We should have j arg (b) I 
< ^ so that R[b) > 0. 

{Hi) Similarly in place of a + j8 > § (7 + S) we should have 

« + (8 > i (7 + S + 1) 

Proof of (b): 

Using [2 ; p. 5(13)3 and (2-2) we have 

/ = f Ky(l x) Kp{c x) iif ” r ~ ' ■ • ’ 1 dx 

A? (Ar./x),...,(A3,/3) J 

” V, *) ICp{c x) dx X 


^ 4-^ f 

2 B- t J 


" m 

r( \-aj- ej . s) ^II r( Ay + /y . s) 
fl r(cy 4- ey . s) , !l r(l - Ay-/y . s) 

1-n+i j=m+i •' ' 
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in (a) changing the order of integration which may be juslihed as 
below and evaluating the A;-integral with the help of [3 ; p. 334(44)j we get " 


V, - 2 sin (- V IT ) 2 IT j J ^ 


II r(l - aj-ej . s) II Tibj+fj- . s) 
] r 5=1 j=i ^ 


P q 

.II rt ay + « - . J) II 1 ( 1 _ b- -f-s) 

5=n+i y=m+l 3 •‘t > 


(X±p h'’+<r.s)}. r ^+P+v+cT. j X-P+V+O-.J I* 

r(v+l). *'L * v+i ’ * 

V, - V sin {-V tt) r(i' + 1) c''+b. 


It, Tin 

II m-aj-ejS) II r(Jy +//••») 
i_r 3^ 

J j. p q 

^ . II r(ay + «y.5) . II 1(1 - i/ -ff.s) 


X 2W 


X (A.±/>+v+cr'f)} 2 V ^ ZlX- 

r=o jj- (v+1), 

_ ^ TO T. 2^-». 

^ ^ I- / .. -n/.. I 1 I 


n2r 


A+P + v+(r.j\ / X-P+v-i-a-.s 


^_0 Ll_ • sin (-V it) r(v+l+r). ^ 


II {1-ai-es^) II Tibi+f.-.s) 

1 c 


Iw * J , 


/=n+i i=m+i 




Interpreting the integral in (/?) with the help of (I'l) and {2*2), we get the 
desired result. 

To justify the inversion of the order of integration in («) we observe that the 
;if-integral is absolutely convergent if 

■^1 A.±*'±p + o' >0, f c [ > I / ) 

^ <j<n 

and the r-integral is absolutely convergent if 

n p m Q 

V = .2 («y)-.2 («/) + .2 ifj)- .2 ifj)>0, 

" ^=n+l ^=1 

larg (m) I < i y >r. 
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The condition \c\> \ l\ may be replaced by R{c dr 0 > 0 fcy an appeal 
to analytic continuation. The resulting integral in (i^) is absolutely convei^ent 
under the conditions stated in (^). Therefore the inversion is justified by virtue 
of de la Vallee Pousin’s Theorem. 

Regarding the change of order of integration and summation in {0) it may 
be observed that the argument {l/c) of the hypsrgeometric function is ^ot 
involved in integration and it is an analytic function of parameters under the 
conditions stated (7; p. 56, Theorem 19). 

Putting 4, or = 2, = ^2 r= . . . . =:/2 = 1 

changing I top we get the result due to Sharma (12 ; p. 73) under the relevant 
conditions. , ' ' 


Proof of [c): 

Using (2*4) and (2*5) we get 

v! Z+vVer+a/f . r. { I (^ + cr + V ± M + 2) } X 

X f j/y-a-i, ^ * 

Jo ? + 2, /> + 2 


? + 2, /> + 2 


i_ JL ij) 

■i 8 ’ 2 J j 


2 (i +|-f > ^)) (-1 - > • • • j ( 1 - 


1 + P + V Xi 




m, n-f 1 X 


1 + P - Aj 
2 ’? 
yi a* ■ 

- IT* 


X ^8 i(i® + + 0- 4- «' + M + 2); 1 + 1^, 1 + j ^ J 

= VT r ^ ( ~ 1 

fJ o . ^+2,^ ' /* l.nipv A it 


^+2/^ 1 ' 


)Ai ], j 


1 V 


‘ (^15^1)5 • • 3 i^qyfq) J 

Evaluating the integral on the right-hand -side by means ' of (^), writing 


and5 = 

result under the conditions stated. 




we arrive at the desired 


Putting ar + h == - P, y = 2y K =. 4^2, Xi = *=/aAT= ^ ; -/r /g 

= = . . . = 1 we get the result due to Rathie [ .8 ;jp,. 114(6) ] .lyKjip* 

relevant conditions. 


Proof of {d): ^ 

Let 

p ^ 2 2 cosec (~ 2 1 / tt) 

r, - V »'=o [r r{2 V 4- r) ^ 

X H ^ ^ ^ { i * ’ 

+ 2 i (“ + >' + r, X)^(jS + V 

where from flT) wc have 

[ 2^8 ] 


• {^pi ^p) 

+ ry M-)j (^l»yi)>. • • • > 



^ Tri cosec (~2v7r) m+2, rt 

r=o [r r{2i/4-l+r) 

(» TT^ cosec (-2 V ?r) 

= L If T(2u + 1 + r) X 


(aj, ej), . i . . ^ lap^ Bp) 

(a+v+r.x), 


3 — * n 1 J J 


.II T{l-bji-J^-.s) II T(aj-ej-.s) 

j=zm-h'^ 3=n+^ 

■\ r “ r(o + V + f- A.f) r{/0 + 

— I " r~ ■"' ; T I ?; 


Tri cosec (- 2 V tt) r V r(a v r ^ x,s) T{p v + r- fi,s) 
^7~ j L IL • V + 1 -j- r) 

w n 

II r(iy -fj.s) II 1(1 - aj + ej.s) 

j=i j=i ' 

X — - 

fl Til-bj+fj.s) fl T{aj-ej.s] 

i=m+i 3^71-hi 


cosec ( -2 V -IT; 

2 TT £ 


?J r(iy-/y j) r(<i+'-'-A..i)r(/J+'-M fi r(i-a,-+^,-.r) 

* j-l J 

^ r(H-2.’) II Iil-bj+fj.s) fl T(aj-ei.s) 


X 


+ v-\S, v-iu \ 


2 V I 


; 1 )• ds 


II V{bA-fj.s)T{aJ^v^\,s)l{PJtv-l^^s) II T{Ua^J^e,%s) 

cosec (-2 V -tt) r i=i i=i 

2T£ Ji 

. II rciT-f-^+A-j) r(i+>'-j3+/*.j) 

O^TTh -J-1 

X ri i- ^-^+. (x + MW . 

P 

’ II T{aA’-eA,s) 

/=n+i 

(Applying Gauss’s Theorem for Hypergeomctric functions) 
provided i? (1 - « - ]8 + X + i^.^) > 0^ and 

2v + 17 ^: 0 ,-- 1,-2, -3, 

Changing v to - finding similar expression for W and adding we get 
m n 

II T(b 4 - fj^s) II r(l - aj + ej.s) T{1 - a - P + \ + .s) 


-n*! r 

"" J 


J X. ^ P 

II 1(1- + fj.S) . II - ej.s) 

j=zm+i i=n+i 

S cosec ( - 2 V tt) r(^ + V ^ X»^) r(g + V - ix. s) 1 . 

^ r(l + V - a + X*S)T{1 + V p ^ li.s) p 
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Simplifying the expression in curly brackets we get 


.u T{bj-/j-.s}T^{a±v-Xs)T^l,l3±v-,x.s) 11 T{l-ai+e,s\ 

1 r 3-^ y=i ‘ 3*'^} 

J L Q *o ~~ ^ ^ ^ 


P = 


V" TT 2jrtJ I g 




_ ^ m+4, n 

P'^^i ^+4 


• • • • ( 8 } 

^ (%3 ^1)3 . . - . , (^jp, Bp)^ (“ + iS, X + /i) 

“+’',A,), {<x-v,X), {p + v,n), (^-v,ij.), (bi,fi) . . ,, 


r I •i i - I i '3/W3 ''3/V;5 V^'^•'3P;3 tP''*'3M^ (Og,/) 

Puttings = X in (S) using duplication formula for Gamma functions’anH 
interpreting with the he Ip of ( 1 • 1 ) we get “ 

P—21-0-P jj ^ I" n 


/*+2,?f4 


(a, A). • . • , ep), ^ -Itl, x) , ^±1, X 


r 

4^.4:| - , , - ^ 

Change in the order of integration and summation in (7) is easily seen to be 
justified a. £ • " '*' |7 ri‘l+2!|'^ ” ~ " «»iformly converge, p„,i*i 

tesu/dm'llshrrma~(iz;'^.'^4f.* '■ 2. 3, ■ • ■ , ^, > - 1, 2,3, . . . , j, we gel He 
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Abstract 

It has been observed that the phosphates of calcium, magnesium, iron, 
aluminium and titanium are hydrolysed by water liberating small amounts ol 
phosphoric acid. The results show that even the so-called sparingly soluble 
phosphates of iron and aluminium are also moderate suppliers of phosphate 
together with more soluble calcium and magnesium phosphates. 

The concentration in various extracts shows a gradual decrease from 
the first extraction to the sixth and even after the sixth extraction considerable 
amount of P2O5 goes in to the solution. The results indicate that the lo*s of 
phosphate will be much more in soils containing calcium and magnesium phos- 
phates than in soils containing iron, aluminium and titanium phosphates. 

Introduction 

The solubility of various sparingly soluble phosphates in water is one of the 
most important factors that influence the ability to supply phosphorus to plants. 
Among all the phosphates present in the soil, calcium phosphate is the most 
important which determines the availability of the phosphate. Iron and alumi- 
nium phosphates also play a significant part in the release of phosphate in the 
soil solution. This release of phosphate in to the solution is believed to be brought 
about due to hydrolysis, Rindell (1), Cameron and Hurst (2) and Cameron and 
Bell (3) have shown that phosphates are hydrolysed in preserxe of water and the 
amount of phosphoric acid passing in to solution is influenced by a number of 
factors. 

A number of workers (4-7) have reported that calcium phosphates are 
decomposed by water to form free phosphoric acid. Klement (8) and Cameron 
and Bell (9) have reported that magnesium phosphates also decompose in contact 
with water and liberate free phosphoric acid. Cameron and Hurst i2i observed 
that phosphates of iron and aluminium also hydrolyse in to phosphoric acid and 
their respective hydroxides, ferrous and titanium phosphates do not hydrolyse to 
an appreciable extent. 

Since the exact nature of the phosphates of calcium, magnesium, iron, 
aluminium and titanium in soils is yet unknown which are supposed to be the 
main suppliers of phosphate to the plants, the present study was, therefore, under- 
taken to investigate the washing of all these sparingly soluble phosphates. 

Esperimental 

The phosphate samples used in these experiments were prepared in the 
laboratory. Analysis showed them to have a composition corresponding to the 
foipaulae, CaHPO^, CaHP04.2H20, Ca3(P04)a, MgHPO^.SH^O, 
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FeP04.2H20, Fe3(P04)a.8Hjs0, AlPOj.HsO and Ti3(P04).6Hi,0 1 pm i. 

these phosphate samples was taken in a conical flask and 100 ml of d' 
added to it. The contents were shaken for 2 hours on a mechaniral i 
left to stand for 24 hours in a Thermostat maintained at a temnerati ® ^“4 

At the end of this time, the contents were filtered. Aliquot portions 
were taken for the determmation of PaO,, pH and electrical conductivitv^ nr® 
residue was transferred to the flask and the volume made up to 100 ml H ’■ ■ ® 
procedure was followed as in the previous case for the s^ibs^euner Z iff J* 
every 24 hours. ^ was Jungs after 

In the case of calcium, magnesium, ferric and aluminium Dho<!nh,i-» n ^ 
was determined by precipitation method (10). Colorimetric 
employed for the PjOj estimation in the case of ferrous and titaniun^^ nhi I. 
pH of the solutions was determined by portable Cambridge pH mp?^ 
electrical conductivity was measured by “Leitfahigkeitnsmpe^pp” ^ 
bridge (Laboratory model. S. No. 77), which is operate^d by mains. 

Results 


TABLE 1 (a) 

P^Os millimoles per litre 


Number 
of the 
washing 

CaHPOi 

CaHP 04 . 2 HaO Ca3(POj3 

MgHPO^.SHjO 

^%3{P04)j 

1 

2 

3 

4 

5 

6 

0-3512 

0-3081 

0*2573 

0-2447 

0-2281 

0*1903 

1-43 87 
1-3015 
1-1194 
0-9805 
0-8473 
0*6902 

1-0368 

0*7479 

0*6141 

0-5685 

0-5408 

0*5310 

3*0620 

2-0108 

1-8742 

1*4534 

1*0969 

0*8009 

1-9835 

1-6827 

1-3933 

1-3080 

1-1628 

0-9156 




TABLE I lb) 






pH 



1 

2 

3 

4 

5 

6 

7-60 

7-65 

7-65 

7-70 

7-75 

7*80 

6-70 

6*75 

6-80 

6-85 

6-90 

6-95 

5- 80 

6- 05 

5- 15 

6- 30 

6-50 

6-80 

7*55 

7-55 

7-60 

7-65 

7-70 

7-75 

7-45 

7-55 

7-60 

7-70 

7-75 

7-80 




table 1 (c) 





Specific conductivity in tnhos X 

io-« 


1 

2 

3 

4 

5 

6 

T38 

1*67 

1*59 

1*50 

1-40 

1*28 

3*60 

3-12 

2-73 

2'40 

2*01 

1*59 

2-64 

2T9 

1-95 

1*86 

1-60 

1*37 

5-26 

4-53 

4-07 

3*62 

3*15 

2-40 

3-85 

3-36 

2-90 

2-50 

2-09 

1-72 
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TABLE 2 (a) 
millimoles per Hite 


Number 






of the 

FePHOj.2HjO Fej(POJa.8HaO 

AlPO^-HaO 

Tu(P04)4.6H,0 

washing 




1 

0'3255 

0-0684 

0-6653 

0-0102 

2 

C*2145 

0*0628 

0-4997 

0*0101 

3 

0-1709 

0-0589 

0*3923 

0*0100 

4 

0-1203 

0-0581 

0-3084 

00098 

5 

0 0986 

0*0563 

0*2126 

0*0097 

6 

0*0817 

0*0559 

0*1070 

0-0096 



TABLE 2 (b) 





pH 



i 

6-90 

6-85 

7*35 

6-30 

2 

6*90 

6-85 

7*45 

6*30 

3 

6*95 

6-85 

7*50 

6*30 

4 

7*00 

6*90 

7*55 

6*30 

5 

7-05 

6-90 

7*55 

6 30 

6 

7 15 

6-95 

7-65 

6*35 



TABLE 2 {c) 





Specijic conductivity in mhos X 

10-^ 


1 

1*08 

0-36 

2-18 

C*04 

2 

0-94 

0*34 

1-89 

0-04 

3 

0*82 

0-33 

1*61 

0-04 

4 

0-73 

0-30 

1*42 

(*03 

5 

0-61 

0-29 

1-20 

0-03 

6 

9-45 

0-26 

0-79 

0 03 


Discussion 

From a study of the experimental results recorded in the tables I {a) to 2(c), 
the effect of washing on the PaOg solubility and the pH and electrical conductivity 
of the corresponding solutions of the phosphates of calcium, magnesium, ferrous, 
ferric, aluminium and titanium becomes evident. In general all these sparingly 
soluble phosphates are hydrolysed by water liberating small amount af phosphoric 
acid. 

Anhydrous dicalcium phosphate has been found to be less soluble than tri- 
calcium phosphate, whilst dihydrated dicalcium phosphate is more soluble than 
tricalcium phosphate. Therefore, it seems that dihydrated dicalcium phosphate 
is likely to be present in greater amounts, when soils are phosphated by super- 
phosphate, finely divided rocks or basic slags. Many workers (12-14) have shown 
that when concentrated superphosphate or monocalcium phosphate is applied to 
soils, dihydrated dicalcium phosphate is one of the major products formed. But 
in the course of time due to the presence of fluorine in all the soils, the calcium 
phosphates are converted in to very sparingly soluble fiuorapatites. 
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Like calcium^ magnesium hydrophosphate - trihydrate is more soluble than 
tri-magnesium phosphate. Among all the phosphates studied magnesium phos- 
phates, have been found to be most soluble and conducting in water. 

Ferric and aluminium phosphates liberate much more amount of PgO^ in to 
the solution than ferrous and titanium phosphates. The amounts of P^Og passing 
in to the solution with ferrous, ferric and titanium phosphates are less than all the 
calcium and magnesium phosphates and with aluminium phosphate less than all 
these phosphates except anhydrous dicalcium phosphate. Hence it is evident 
from the results that even the so-called sparingly soluble phosphates of iron 
aluminium are also moderate suppliers of phosphate together with more soluble 
calcium and magnesium phosphates. The residual eflFect of phosphates reported 
by Scarseth and Chandler (15), Volk (16) and Ensminger and Cope (17) and the 
increase in the avaiiibility of phosphate as reported by Shapiro (18), Fujiwara (19) 
and Mitsui (20) under flooded soils than under unflooded conditions also appean 
to be a consequence of hydrolysis. 

It has been observed that the P^Og concentration in various extracts shows 
a gradual decrease from the first extraction to the sixth. The electrical conduc- 
tivity also likewise decreases in the various extracts which may be due to the fact 
that lesser number of ions are passing in to the solution. With ferrous and 
titanium phosphates the amount of PjjO 5 passing in to the solution changes very 
slightly. In the sixth extract of ferric and aluminium phosphates tlie amounts of 

decrease nearly to four and six and a half times of the first extract res- 
pectively. In the cases of calcium, magnesium, ferric and aluminium phosphates, 
the concentration of the successive extracts decreases indicating that basic 
phosphates are being formed which contain more of the basic oxide than P^ 05 . 
With ferrous and titanium phosphates the change in pH is not significant which 
may be due to the fact that the P^Og concentration in the various extracts does not 
change appreciably. 

It is evident from the results that even after the sixth extraction appreciable 
amount of P^Og goes in to the solution with calcium, magnesium, ferric and 
aluminium phosphates indicating that there is a great chance of the added phos- 
phate being lost by leaching in drainage water in areas of large rainfall. The 
results further indicate that the loss of phosphate will be much more in soils 
containing calcium and magnesium phosphates than in soils containing iron, 
aluminium and titanium phosphates. These conclusions are in close agreement 
with the observations of Dhar and Misra(2l) who have reported that greater 
amount af phosphate is leached but when the soils are richer in calcium phos- 
phates. This washing away of phosphates from soils seems to be an important 
factor in causing the low recovery of phosphate by the crops. 
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Abstract 

Three infinite integrals involving products of Bessel and Meijer’s G-functions 
have been evaluated in this note with the help of a theorem on Hankel transform, 

1. Introdaction ; The well-known Hankel transform has been defined as 
follows : 

(1) jv {/(O 1 {p t)i JAP dt, p>0. 

The object of this paper is to obtain some infinite integrals involving products 
of Bessel and Meijer’s G-functions by utilising a ^ theorem on Hankel transform 
proved in § 2. Some of the results have been expressed in terms of Appeli’s 
function A few interesting particular cases are also mentioned. 


2. Theorem ; If ^ > 0, >0, + 1 ) > 0, + I + |) > 0, 

where f{t) — 0{t^ ) for small i, R{v) < 0 where/(^) = for ierge t, then 


( 2 ) 


J a;* exp I - + 167^1 /v/a ’> 


Proof: The left hand side of (2) is 


dt 


on interchanging the order of integration. Evaluating the A;-integral by [3^ 
p. 56(2)], we get the result (2). 

For the inversion of the order of integration, we must have 

(i) the jJ-integral absolutely convergent. This is so if 

x> 0, E(v + + I) > 0, jR(v) < 0. 

(ii) the Af-integral absolutely convergent* This is so if 

R{a) > 0, R(v 1) > 0, p > 0 ; and 

(in) any one of the resulting integrals absolutely convergent ; 
for R.H.S. to exist ; R(a) > 0, > 0, j?(i' + ;- + |) > 0. 


*A part of the Ph.D. thesi* approved by the University of Jodhpur in 1965. 



Thus the change of the order of integration is admissible for the conditions 
stated with the theorem by de la Vallee Poussin theorem [2, p. 504]. 

3. Applications : In this section we evaluate some infinite integrals bv the 
application of the theorem. ^ ^ 

Example 1 ; Taking 

and using [3, P- 68(8)], [1, p. 38] ; the theorem yields the following result : 

,3, /; «xp { - } 

c \ 1 ~ 1 + jn n 

2,3 L 2 I I + v/2 + X/2, i, id- a/ 2 - v/2 
2-/1+.//2.1 pvi2. („2 + 16 p^)i r{i A/2 + v/ 2 + /* + f )i 

+ a*) X/2+V/2+/1+8/4 r(i + r(i + v/ 2 ) ■ 

f■.[A/4 + ./^+ W2+J, i/4+«/4+,/2+J, 1 + ./2, 1+,;- 

for p > ^9 ^ + 1) > 0^ + V - x) .> 0, R{X + V + 2fi 1) > 0. 

When /X = 1/4 + v/2 - A/2, (3) gives 


( 4 ) j ^ 2-1/4 exp I ^ ^2 4 J ^ 15 ia+v+1/2) ^ 

2i(3AfV-9/2) al(3I.'-A*f3/2) ^V/2 16 p^)i 1(1' /2 -f J) 

"" r(i'+ v/2 - A/2) f[i + v/2) («■+ 

[^’'/2 -h i> •'/2 + 1 ; >'/2 + 1, f + ‘'/2 - A/2; - + aSji ‘ (a + 

for / > 0, ie(a) > 0, Riv + I) > 0, R{a) > 0, iJ(v - A + f) > 0. 

When = a/ 2 + ''/2 - 1/4-, (3) reduces to 

(5) exp j - , 16 ^ | j- 


a2 + 16 p^ 


(5) J ^ exp I - ,a + 16 ^ | j- 

iFi [1/4 + a/ 2 + v/2 ; 3/4 - a/ 2 + v/2 ; - dx 

2-X/a-i aA+v4i ^v/a + 16 p^)^ r(|‘^/2 + v/2) 

” (^“dT^X+v+i r(| 4- x/2 d- ’'/2) r(l d- ''/2) 

_ r . 16 a* 1 

Pi 1^ X/2 d- v/2+J, X/2d-v/2d-i; v/2+1, |d-X/2d'W2 1 - ’ («+a*)® J 
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fbr ^>0, iJ(a) > 0, - A. + I) > 0. 

As ^ Oj (3 i gives a known result. 

Example 2. Again taking 

fit) = 

and using [1, p. 38J and (2), we easily find that 


exp I I 

p ^ r ^ ■” I + m/2 -1 

2,4 164.^ A(2;x + ./2),a(2u-v/2)J‘^^ 

‘ ^ 2-^A+/x+vy2 g,^ p vt, („2 ^ ,6 r(X + /. + W21 

ax+iwi[yi2 + 1) r(7TT) ^ 

■^1 A/2 + m/ 2 + v/4, a/2 + m/ 2 + v/4 + ^ ; /a + ,,^2 + ]. . 16 16 ^»1 

for / > 0,i?(«) > 0,iJ(v + 1) > 0, ii!(2 A + -^ + 2 m) > 0 . 

As ^ Oj we get a known result. 

Example 3. Finally, taking 

f{t) = t-Vi exp ^ ^ , 

and using [3, p. 30(16)], the theorem gives 

(7) r exn [ . r , A 4/- ^ \ ^ 2, 0 r a X , _ n 


/^oo 

(7) f 

J 0 


+ 16 P^ (, '^+ 16 p^ ) ^ 0 , 3 ■ '’1^ * 


2, 0 r a 


7J(r+l,>0, i?(a)>0, iJ(n)>0,>>0. 
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4 b 0 tract 

In this paper several forms of the generalised Meijer’s ‘H’ function, satisfy- 
' n the Truesdell descending and ascending F-equations have been obtained. A 
^^^ber of results for these functions such as expansions, recurrence relations and 
differential properties have also been deduced with the help of the above men- 
tioned forms. 

Iiitrodaction 

A theory of special functions should derive as many of the numerous 
formulae and properties as possible from some guiding principles. One of these 
principles is the F-function of Truesdell [8, p. 15]. 

dF(z,a)ldZ’=Fiz,o.+l) W 

which is satisfied by many special functions. On the other hand the F-equation 
of descending type [1] 

dY{z, <^)ldZ = T{z, a - 1) 

is equally remarkable and is also satisfied by several special functions speciaUy 
which do not satisfied the equation (1). 

The object of this paper is to obtain several forms of the generalised Mcijers 
‘H’ function, -which has all the special functions as ^ ® 

equations (1) and (2). These forms have also been employed to deduce a number 

of results for this functions. 

2. We define the ‘H’ function [5, p. 239] 


my n f 

Hi. 


^qyfq) ^ 


-k j 


m.n / 

■ 1 

^ (^IJ 

3 . . . . ep\ \ 

II 

tc 

> 

. ^ 1 

{^ 15 / 1)3 

j • • * > ( ^?3 fq^ 

II nbj ■ 

-u 

r ) II r(l - 

aj~\-ejs) 




Z‘ dz. 

L II r(i 

-6_ 



-f 1 




< 

1 

lai . 

j*^ Jis) z^ ds 



C 
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(3 



Here an empty product is interpreted as 1, 0 < »» <5, 0 C n < -a-i 
/’s are all positive ; L is suitable contour of Barnes type such tharthe* poles of 

T{uj-fjs),j 1,2, ... ,m lie on the right hand side of the contour and those of 

r{l ”■ j 1, 2, . . ■ ) n, lie on the left hand side. Also the parameters are so 

restriced that the integral on the right hand side of (3) is convergent. 

We shall also use the following results : 




5=1 \ m J 


If r is a positive integer, then with the help of (4) we get, 


- r^I±i±^ 

t=o V m 


m-i 


= (a)y II 
i=o 







and using a known result 1(1 - a - m)/r(l - a) = (- !)»»/(«)„ a integer 
'^ehave 


ll rfi-“-+^ 

i=j V 


= (- 1 )’•«’■ if^ rf i-“-±.‘ 

i=o \ m 


(^)r 


Similarly 


and 


r/ iV “ + *■ 


ii r 

{=.) 


, = (- !)’■«»• II r 

m } . ' 4=0 ■ 


m 


1 - a' 


t=0 V M / i=0 V W 

where r\m is a positive integer. 

3. Now we shall prove the following results ; 


(7) 

( 8 ) 

;fsfj 


Y f/^:? V“ E7 ” f f z $ I iap,ep) n 
U/ 1 ’ UJ L(xy p,q + \\{\ J /(6j,/g),A(X,(a,/3))I 

= H^iz, a + r) 

Lvxy p,g+\\\xJ lA(x,(^,m(is, 

\dzj \dzj 1\XJ p.^\,q\\xz) I j 


(18) 

fl) 1 

( 11 ) 


= Hs^(z, a-r) 


and 


( 12 ) 


(*) = ( t ) h ”*’ 

. , V'^^y L\xy p-\-x,q\WJ I y. 

= H^{z, «-r) (13J 
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where A (Xj (s^) ) denotes the parameters ^)’ • ‘ isj- 

Proof : To prove (10), consider 

i^y «. «> = (e)' [(1)“ H {ff/jxfi ,, ,, , )] 

Using (3) and on interchanging the sign of differentiation and integration we get 

Il3\s I f _py J- , 


j_/ z 
2vi V A y 


V/ 


■(-l)’'(or-iSAr)r X-’’ 


A."! ctA~i 

II r(i--^+i:r 

i=0 A 


Using (7) we get the required result. 

Similarly the other results can be proved, on usmg the formulae (5) to (8), 
This complete the proof. 

4 . In this section we shall derive some results of ‘H’ function by applying these 
forms to the known theorems. 

{a) By substituting the functions in (3) and (4) in the theorem [8, p. 82J 


we get 


CO ..’I 

“) = ^2^ lj P[z,a^n) 


on replacing « by j X/A and (y by * in succession we get, 


1 (xli‘^P>‘P^ 

^=0 4^1 /j. flr-l-A \ / ibns fn)^ 


^ ' i^q> fq)> p) )' 

i+:T 


xy f+A r'^xy A (X, («, /3) ) J 


W {-hY m+X, «/ j (ap, ep) 

’'~® ^ ■ pi y+X \ j A(X, (®'-r, /3) ), {bqijq) 


= H 


h wz+Aj ^ 

A. / ^5 ^ + A 


h I (a ^ ) 


i AlA, (tt, {bqifq) )j 


Similarly on substitution the functions in (12) and (13) in the theorem [1], 


«) - 2 rjr ! T{z, of+r) 

i=o 
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and on replacing z hy yljh and by x in succession we get, 

2-A’' ” f / ^ 

^-^rl^p+k,g\"l ib„fg) j 


and 



A / ^+Aj q 



^p)i £S (A, (o', p) j V 
i^qyfq) J (16) 


00 


fssO 


( 5r»^ jjm^ « + \ 

*" * f* 



I A(X, (a+r, /3) ), (ajj, e^) 

""I ihJi) 


«-i W2, nf A 

/’+A) g 


1 + 


a; ^ 


(^q>fq) 



(b) Derivatives : Now put a = 0 and replace (a,., e^) 
by A(A, (0, /3) ) in (10) and (a^, e^), r=p,p~\^ 
in (11) to obtain, 


»■ = 1. 2, . . . , A 
• ./-A+1 by ^ (A, (0, ^)) 


( i-X ^ r f ~ Z'^A+i’ ^A+i)> ■ • • > (^pj ^p) 

l*V ;-a.jUA / (i,,/,) 


= (^/A)-»- H 
and 


f («A+i.^A+x)... 

A f+A V V X. y / (ig,/j), A (A, (r, /3) ) 



X H 


m, n (z±Y^I{a„ e,\ ... , (a^-A, e^-A) 


= (-1)' 


H 


p- k,g 
m-YX, n 
Pi ^+A 


\^q>fq) 


') 


h)> • ■ > {ap.X, Bp.X), A (A, (0, ) 

X/ / A (A, (r, fi] ), 


) 


From these results we conclude that, 


/i y (ayh «* « A («p> «p) \ 
WJ \dzj P,g\[xJ l{b^,fg)J 


^ fjm, n+A /' f^Y^! ^ ( 0 , jQl, 

/+X,?+aUa; / (i^,/^), a (a, 

= (- !)»• f /£l Y^l "P^> ^ (X, (0, )\ 

P+X, g+x\\xj / A (A, (r, ^) ), (i 5 ,_/g) ; 
Similarly from (12) and (13) we get, (on putting a = 1). 

^m, n r /J_Y^ I i^P> ‘p) 

P>g WXZJ I {bg,f^) 




( 18 ) 


t 2^2 4 



P+\, ?+X \\XzJ / A (X, (1, / 3 ) ), {bq,f^) J 

?’. . ( ( -r^ )’ *!>) 


y 1 i^q)fg)y A (X 5 (1, j3) ) 


')| 


(f) Recurrence Relations. 

On substitution r = 1 in (10) and on using (18) we get, 

1^5 Y'^H ”+^ ((ZJ\Y\^ U. (0. ). \ 

\\) /i+As ? + 2 A V \ A y I (ijj/g), A (A, (a, R) ), A (A, (1, j8) )/ 

\\\J A^+AUA/ I {iq,fq), A {\, {a, ^))) 

) 


( 19 ) 


m, n {ap,ep) 


Pi ^+X 


i^qifq)i A (A, («+l, ) 


and from (12) when f = 1 , using (15) and (16) and on replacing a by s, we get, 

' f A(A, (0, i3) ), (up, ej,), A (A, ( 8 , jS) ) \ 
i^qsjq)) A (A, (1, P) ) 


-f- V'* 

Vxy p+2\,g + } 

= (!/-« 



f Z r^m,n 

^+A, q 


l_ I (Up, ep), A (A, (8, /S) )\ 

A^y / (^/s) y 

A (A, ( 8 - 1, ^) ) \ 

(^g./?) y 


y 


(20) 


Now in (16), increase p by ^-j-A by adding the terma A (A, (8, B) ) and 
replace ^ by to obtain, 


^m, n+A f (P±Y^\ A (A, (0, B) ), [ap, ep), A (A, 8, B) \ 

/+2A,?+2A V V A y / {bq,fq), A (a, («, B) ), A (A, (1, B) )J 

= r-W’”’” ( iap,ep), A {\y{t,B\'' \ 

\ \ J P+X, ?-fA \ \ A y I (bq,fq), A (A, (a, B) ) ■' 
rjtn, n ( ( xi 

+ "^+x,«+i (ItJ 

Similarly from ( 17), by increasing q by A on adding the terms A (A, («, ^)) 
and On replacing l/zhy x we get, 


[apy Bpjy A (A, (8, fi) ) \ 


w+A / / A (A, S, /?) ) \ 

^+2a, ^+2A U X y I {i 2 ,/g), A (X, (a, p) ), A (A, 1, ^) ) 7 

\ A y /^+X, ^^bX \ \ A y i {^qifq)i A (A, (o', ) / 

_ ^ m, « / / j ^ (Xj ~ ^) ) \ 

/^+X, 5^+X \ \ A y / {bqifq)i A (A, (o, ) y 
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On subtracting (2i) from (22) we obtain 

/ 3 _ 1 - a \ n /* I {^‘pi A (X, (S, ) \ 

\ aT^ / J^+X, \ 1 A ( Xj (a, /3) ) J 

niy n ( (^jpj A (X, (5, /3) ) \ 

“ j&+X, ^+X \ A (Xj j8)) / 

0^5 ^ / - I A (X, (8 - 1^ IS) ) \ 

/-+A, q+^\ > A (X, (s &) ) ) (23) 

SimUarly from (11) and (13) we get, 

/ 1 - S+« \ u '”+^> ”+^ [ r f A (A, (S, fi) ), {a.p, e^) \ 

\ A ] j!»+-A, ?+A \ I A P) ), ibq,fq) J 


f ~ j A (Aj (8— Ij P) ), (op, ep) \ 

" /'+A, (?+A \ /A (A, («, P) ), (i2,/g) j 

„m4A, n+A f I A (A, (8, /?) ), fa^,, «^) \ 

^+A,? + A V ' A (A, (a+1, 13) ), {b^,f^) J (24) 

Particular cases : 

(i) When = /^ = /:? = 1 for all values of p and then 

(a) all these results reduces to [2]. 

(il and if X = 1 we get [4, p. 351] from (10) to (14). 

(r) and if X = 1 we get [3 p. 213J from (14) to ( 17). 

((jf) and if X = 1 we get [6 p. 374] and [6, p. 486J from ( 18) and (19). 

{e) and if X = 1 we get [3, p. 209] from (24). 

The author wishes to express his thanks to Dr. B. R. Bhonsle for his h^lp in 
the preparation of this paper. 
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Abstract 

The effects of aldose monosaccharides on nitrification by Mtrabacter aiUis 
have been studied, and it has b' en found that when D-glucose, n-galactose and 
D-mannose are present in the culture containing nitrite the rate of nitnfication 
increases with increase in the amount of sugar upto a certain limit, above which 
it begins to decrease, and then at a certain point it completf^ly stops. It has also 
been observed that when the bacterium is hept in contact with d- glucose, n-galac- 
tose and D-mannose alone for some time, it looses its activity the loss in activity 
being proportional to the amount of sugar with which the bacterium has been 
kept in contact, and also proportional to the time of contact with the sugar. 

Introduction 

Nitrification is a two step process* In the first step, ammonia is oxidised 
to nitrite with the help of Nitrosomonas, the process being called Niirusification, 
and in the second step, nitrite is oxidised to nitrate by Nitrobacter, It is 
believed that nitrifying bacteria do not require organic carbon for their growth 
and activity* Winogradsky^ and Waksman^ concluded on the basis of their 
experiments that organic carbon is toxic for the organisms, while Muntz* and 
Beijerinck^ showed that it is not. Tandon and Rastogi® have studied the 
effects of organic substances on Nitrosomonas and have found that if sugars are 
present in smaller amounts, they have no toxic efiect on bacteria but instead ifc^rve 
as better food material and stimulate their growth. 

In view of the conflicting results of the microbiologists on the role of organic 
substances on nitrification it was thought advisable to study the influence of 
organic substances on nitrate formers. We have carried out experiments with 
Nitrobacter agilis in the presence of different organic compotmds. The results 
obtained with D-glucose, D-galactose and D-mannose are reported here. 

Experimental 

A pure culture of nitrate forming bacterium, agilis was prepared 

from soil by the elective culture method employing Fred and Davenport’s medium®. 


the composition of which is as follows : 

Sodium nitrite 1*0 g 

Sodium carbonate 1*0 g 

Dipotassium phosphate 0*5 g 

Sodium chloride 0*5 g 

Magnesium sulphate 0*3 g 

Ferrous sulphate trace 

Distilled water 1000 ml. 
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For the systematic study of the effects of aldoses on the process of ‘t 
formation, the following procedure was adopted. The following two s 
were prepared : ^ ^ ^tions 

Solution A. Sterilized sodium nitrite containing 1 mg nitrogen pernal of * ’ 
solution. ^ wtrite 


Solution B. Containing all the constituents of Fred and Davenr^nrf’e ’ j- 

except sodium nitrite. -ivenport s medium 

50 ml portions of the solution B were taken in fifteen sets each <!f.t • • 

twelve 251 ' ml conical flasks. All the flasks were sterilized. ’ contaimng 

5j 10, 20, 35, 50, 7j, 100, 200, 300, 500, and 1000 mg of a suear wptp rij j 
respectively to eleven flasks of each set. The twelfth flask each L was Ht'^S 

such with no sugar. 0 3 ml nitrite solution was also added to each fla-sk n 

ml of a pure culture of Mlrobacter agilis was then added to each flask Th c ® 
sets were employed for the estimation of nitrite left, while the other five 
employed for the estimation of total nitrite and nitrate nitrogm and the 
sets were used for the estimation of the sugar left. For the estimation !,*• I 
time the whole contents of one requisite flask of the respective set wereSr^^^ 
estimations were none after 48, 96, 168, 240, and 360 hours. ’ 

r T° effects of sugars on Mitrobacter agilii in the absence of nitnte 

fiv- sets of the above type containing the cultur- medium and the requisite amo.mf: 
of the sugars were taken but no nitrite was added to them After 48 ' 9fi ififl 
240, and 360 hours, a definite amount of inoculum from these wa/ taken and 

introduced into the flask containing the culture medium along with the remdsfi 

amount of nitrite but no sugar. Nitrite was estimated in these flasks after to 
hours. ^ 


Estimation of nitrite 


1 he amount of nitrite was estimated colorimetrically with a Photo^elertnV 

S^onS solution of sulphanilie acid in 

acid of 104 specific gravity and 0'5 per cent solution of a-naphthvlamine in 
acetic acid of the same specific gravity as indicator (Griess-Ilosova^method). 


Estimation of totai nitrite and nitrate nitrogen 

The total nitrite and nitrate nitrogen was also estimated 
with a Photo-electric colorimeter using 2% brucine solution’ in 
concentrated sulphuric acid. 


colorimetrically 
chloroform and 


Estimation of sugar 

D-Glucose, D-^alactose and p-mannose were estimated iodometricallys. 
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TABLE 1-A 


J\!iiriJicaiion by Nitrobacter agilis in the presence of Th-glucose 
(f) Volume of the medium taken = 50*0 ml 
(«) Volume of the sodium nitrite solution added = 0*3 ml 


Amount of 
D-glucose 
added to 
the medium 
(in mg.) 


Amount of niiriie nitrogen left at different intervals of time 

(in mg; 

Time in hours 

168 


48 


96 


240 


360 


Control 

0-2880 

C-1840 

0-09(0 

0-0248 

0-0(00 

5-00 

0-2680 

0-1340 

0 0432 

0-C092 

0-0000 

10-00 

0-2440 

0-1160 

0-0304 

0-0000 

0- 000 

20-C0 

0-2180 

0-0981 

0-0192 

0-0* 00 

0-0000 

35-00- 

0-1900 

0 0132 

0-0083 

0 0000 

0-1 .000 

50-00 

0-1368 

G-0408 

0-0000 

0-0000 

O-O ( 0 

75 00 

0-0*40 

0-0092 

0-0000 

0-0' 00 

0-0* 00 

liO-IKI 

0-1700 

0-05b8 

0-0068 

0-000!j 

O-OOlO 

200-00 

0-2520 

0-1906 

0-0' 68 

0-0424 

C-utO') 

300 oO 

0-2760 

0-2480 

0-2140 

0-I640 

0-1220 

500-00 

0-3000 

0-3000 

0-3000 

0-30(0 

0-3(00 

1000 00 

0-3000 

0-3100 

0-3000 

0-3(.00 

0-3000 


Control = containing no D-glucose 


TABLE 1-B 

Nitrification by Nitrobacter agilis which had been previously kept in contact with 

D-glucose 

(i) Volume of the culture medium taken = 50-0 ml 

{ii) Volume of the Sodium nitrite solution added = 0‘3 ml 


Amount of 
D-glucose with 
which bacterium 
was kept in 
contact (in mg) 


No of hours the bacterium had been kept in contact with 
D-glucose and the corresponding nitrite nitrogen in mg 


48 


96 


k-ft after 72 hours 
168 240 


Control 


5-00 

10-00 

20-00 

35-00 

50-00 

75-00 

100-00 

210-00 

300-00 

500-00 

1000-00 


0-0960 
0-1008 
0-1072 
0-1340 
0-1460 
0-1660 
0 2140 
C-2240 
0-2580 
0-3000 
0-30(0 
0-3000 


0-1136 
0-1288 
0-1420 
0-1618 
C'1780 
0-2080 
0-2380 
0-3000 
O-'^OOO 
0-3' 00 
0-3U00 
0 3000 


0-1860 
0-1940 
0-1960 
0-2100 
0*2 -60 
0-2740 
0-3000 
0-3000 
O-3CO0 
0 - 000 
0-3000 
C-3000 


0-1920 
0-2200 
0-2280 
0-2720 
0-3000 
0-3000 
0-3000 
0-3000 
0-3000 
0 3Ui 0 
0-3000 
0-3i 00 


SCO 


0-2740 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

0-30(0 

0-3000 

0-3000 

0-3000 

0-3000 


Control = containing no D-glucose, 
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TABLE 2-A 

Mtrificaiion by Nitrobacter agilis in the presence of n-galactose 
(i) Volume of the culture medium taken = 50*0 ml 
{ii) Volume of the sodium nitrite solution added =0*3 ml 

Amount of Amount of nitrite nitrogen left at different intervals of time 
D galactose (in mg) 

added to Time in hours 

medium 


(in mg) 

48 

96 

168 

240 

360 

Control 

0-2920 

0*1700 

0 0848 

0*0208 

o-cooo 

5 -' 0 

0-2600 

0*1340 

0*0448 

C *0068 

0*0000 

10-00 

0*2440 

0*1 !40 

0*0208 

0*0000 

0-0000 

20-00 

0-2160 

0 0928 

0 01 *4 

0*0000 

0*0000 

35*00 

0*1920 

0-0768 

0-0036 

0-0000 

0*0000 

50-00 

0*1320 

0-0424 

0-0000 

0*0000 

0-0000 

75-00 

0*1864 

0*0104 

0-0000 

0*0000 

0*0000 

100*00 

0*1560 

0-0648 

0-0080 

r*oooo 

0-0000 

200*00 

0*2080 

0*1820 

0-1306 

0*0312 

0-0000 

300-00 

o * 27 ro 

0*2520 

02’00 

0*1860 

0*1700 

500-00 

0*3000 

0-3000 

0*3000 

0 3000 

0 - 30 C 0 

10( 0 00 

0-3000 

0*3000 

0 3000 

0*3000 

0*3000 


Control = containing no D galactose. 


TABLE 2-B 

Mtrijication by Nitrobacter agilis which had been previously kept in contact with r>-galactose 

ii) Volume of the culture medium taken = 50*0 ml 
(ii) Volume of the sodium nitrite solution added ~ 0*3 ml 

Amount of 

D-galactose No. of hours the bacterium had been kept in contact with 

with which D-galactose and the corresponding nitrite nitrogen left after 
bacterium 72 hours in mg. 

was kept 


in contact 
(in mg) 

48 

96 

168 

240 

360 

Control 

0-0776 

0-1200 

0-18‘'2 

0-1920 

0-2720 

5-00 

0-0824 

0-1292 

0-1912 

0-2060 

0-3000 

10-00 

0-0928 

0-1348 

0-1P80 

0-2140 

0-3000 

20*00 

0-1008 

0-1580 

0-2060 

0-2680 

0-3000 

35*00 

0-1380 

0-1748 

0-2620 

0-3000 

0-3000 

50-00 

0-1660 

0-2060 

0-3000 

0-3000 

0-3000 

75-00 

0-2120 

0-2340 

0-3000 

0-3000 

0 30CO 

100-00 

0-2380 

0-3000 

0-3000 

0-3000 

0-3000 

200-00 

0-2560 

0-3000 

0-3000 

0-3000 

0-3000 

300-00 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

500-00 

0-30n0 

0-3000 

0-3000 

0-3000 

0-3000 

1000-00 

0-3000 

0-3000 

0-3000 

0-3000 

0-3C00 


Control = containing no O-galactosc. 
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TABLE 3-A 

Mtrijication by Nitrobacter agilis in the presence of D-mannose 
{i) . Volume of the culture medium taken = 50*0 ml 
(n‘) Volume of the sodium nitrite solution added = 0*3 ml 


AmounC of Amount 

D-mzLuiiose 
added to the 
medium 

(in mg) 48 

of nitrite nitrogen left at different intervals of time 
(in mg) 

Time in hours 

96 168 240 360 

Control 

0-2720 

0-1 7C0 

0-0740 

0-0172 

0-0000 

5-00 

0-2520 

0-1260 

0-0568 

0 004S 

0-0000 

10-00 

0-2320 

0-0864 

0-0224 

0-0000 

0-0000 

20-00 

0-1960 

0-0672 

0-0136 

0-0000 

0-0000 

35-00 

0-1520 

0-0328 

0'0032 

0-0000 

0 0000 

50-00 

0-1248 

0-0424 

0-0000 

0-0000 

0-(^000 

75-00 

00672 

0-0172 

O'OOOO 

0 0000 

0-0000 

lOOOO 

0-1340 

0-0408 ' 

’ 0-0000 

0-0000 

0-0000 

200’00 

0-2280 

0-1560 

0-0572 

0-0000 

0-0000 

300-00 

0-2840 

0-2680 

0-2480 

0-2160 

0-1760 

500-00 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

1000-00 

0-3000 

0-3000 

0-3000 

0-30u0 

0-3000 


Control « containing no n-manaosc. 


Table s-^b 

Kttrificalion by Nitrobacter agilis which had been previously kept in contact with D~mannose 

(t) Volume of the culture medium taken = 50-0 ml 

(u) Volume of the sodium nitrite solution added = 0-3 ml 


D-mannose No . of hours the bacterium had been kept in contact with 
with which the d- mannose and the corresponding nitrite nitrogen left 

bacterium was after 70 hours 


kept in contact 
in (mg) 

48 

96 

168 

240 

360 

Control 

0-0984 

0-1280 

0-1560 

0-1760 

0 3000 

5*00 

0-1168 

0-1360 

0-1760 

0-2240 

0-3000 

10-00 

0 1176 

0*1440 

0-1840 

0-2280 

0-3000 

20*00 

0-1240 

0-1560 

0-1960 

0-2360 

0-3000 

35*00 

0*1360 

0-1640 

0-2120 

0-2760 

0-3000 

50*00 

0-1440 

0-1840 

0-2740 

0-3000 

0-3000 

75*00 

0-1520 

0-2080 

3-3000 

0-3000 

0-30U0 

100-00 

0-1640 

0-2640 

0-3000 

0-3000 

0-3000 

200*00 

0-2080 

0-3000 

0-3000 

0‘30CO 

0-3000 

300*00 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

500*00 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

1000*00 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 


Control =s containing no D-mannosc. 
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Resalts and Discussion 

Prom the Tables 1-A, 2-A and 3-A it is clear that when nitrite is present 
along with o-ghicose, n-galactose and n-mannose repcctively, there is maximum 
nitrite oxidation at the concentration of 75 mg sugar per 50 ml culture medium 
and that when the concentration ol sugar goes above this, nitrite oxidation by 
Miltobacter agilu starts dec: easing. 

Total nitrite and nitrate nitrogen was estimated to ascertain if there was 
any loss of nitrogen during the oxidation of nitrite to nitrate. It was found that 
the total .amount of nitiit i and nitrate nitrog n remained the same. From this it 
is concluded that all the nitrite which disappears during nitiiii cation changes only 
to nitrate. ^ 

The amount of sugar left was also estimate d, and it was found that in the 

first 48 to 96 hours a very small amount of sugar is used. It is clear from the 
results that the amount of sugar used up by the bacterium increases very slowlv 
in the beginning as the nitrification increases, but after the nitrification has attain- 
ed the maxim.um rate, the amount of sugar used begins to decrease until it stops 

with the cessation of nitrification. ■ 

Tables 1-B, 2-B and 3-B show, that when the baettrium is kept in contact 
with sugars in the absence of nitrite, its activity decreases with increase in the 

amount of sugar and with the number of hours it is kept in contact. 
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Abstract 

The effects of c-arabinose, d rhamose, D-lactose, and n-maltose on nitrifi- 
cation by A aplis have been studied and it has been found that tlity arc 

not toxic to the bacteiium up to certain concentration, and that th re is no loss of 
nitiogen during the formation of nitrate from nitrite in their presence. 

In a previous communication on the above subject (Part Ij.^ our resuits on 
the effects of some aldose monosaccharides on nitiification by a in 

pure cuitme were reported. In the present paper we give the results of our study 
on the effects of some otiier sugars, namely n-arabinose, D-rhamnose and i>-nialtose, 
on nitrification by Nitrobacter agilis. 

The procedure adopted for the study was the same as already described in 
Part I. 


TABLE. l-A 

Nitrification by Nitrobacter agilis in the presence of n-arabinose. 

{i} Volume of the culture medium taken — 50-0 ml. 

(«) Volume of the sodium nitrite solution added = 0*3 ml. ^ 


Amount of - Nitrite nitrogen left at different inteivals of lime (in mg.) 

D-arabino':e ^ 

addfid to Time in hours 


the m( dium 
(in mg) 

48 

96 

168 

240 

360 

Control 

0-2840 

0-!800 

0-0968 

0-0288 

0-0000 

5*00 

0-2720 

0-1288 

0-0528 

0 0076 

o-ooco 

10*00 

0-2380 

0-1104 

0-0272 

0-0000 

0-0000 

20-00 

0-1980 

0-0848 

0-0112 

0-0000 

0 0000 

35 00 

0-1860 

0-0768 

0-0104 

0-0000 

0-0000 

50*00 

0-1608 

0-0552 

0-0072 

0-0000 

0-0000 

75*00 

0-0872 

0-0208 

0-0000 

0-0000 

0-0000 

100-00 

0-1560 

0-0672 

0-0052 

0-0000 

0-0000 • 

2C0-00 

0-2720 

0-1740 

0-0982 

0-0304 

0-0000 

300-00 

0-2760 

0-2520 

0-2360 

0-2180 

0-1860 

500*00 

0-3000 

0-3000 

0-3000 

0-3000 

O’SOOO 

1000*00 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 


Control = containing no sugar. 
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tABLE 2-A 


Nitrification by Mirobacter agilis in the presence of D-rhamtloSe 

(f) Volume of the culture medium taken = 50*0 ml. 

(«) Volume of the sodium nitrite solution added = 0*3 ml. 


Amount of 
D-rhamnose 
added to the 
medium 
(in mg) 

Amount of nitrite nitrogen left at different intervals of time (in mg.) 

Time in hours 

48 96 168 240 360 

Control 

0-2840 

0-1780 

0 0940 

0-0328 

0-0000 

5-00 

0-2640 

0-1380 

0-0528 

0-0152 

0-0000 

10-00 

0-2360 

0-1088 

0-0344 

0-0000 

0*0000 

20-00 

0-2180 

0-0848 

0-0328 

0-0000 

0 0000 

35-00 

0-1860 

0-0580 

0-0088 

0-0000 

0-0000 

50-00 

0-1288 

0-0384 

0-0000 

0-0000 

0*0000 

75-00 

0*1586 

0-0962 

0-0242 

0-0000 

0-0000 

100-00 

0*2040 

0-1300 

0-0376 

0-0000 

0-0000 

200-00 

0-2680 

0-2120 

0-0968 

0-0248 

0-0000 

300-00 

0-2840 

0-2760 

0-2520 

U-2280 

0-2040 

500-00 

0-3000 

0-3000 

0-3000 

0*3000 

0*3000 

1000-00 

0*3000 

0-3000 

0-3000 

0-3000 

0*3000 


Control = containing no P-rhamnosc. 




TABLE 3 -A 



Nitrification by Nitrobacter agilis in the presence of D-lactose 


[i] Volume of the culture medium taken = 50-0 ml. 


(ti) Volume of the sodium nitrite solution added = 0-3 ml. 


Amount of 

Amount of nitrite nitrogen left at different intervals of time fin mer*) 

D-lactose 






added to the 



Time in hours 



medium 






(in mg) 

48 

96 

168 

240 

360 

Control 

0-2760 

0-1900 

0*0940 

0-0344 

0*0000 

5-00 

0-2640 

0*1340 

0-0580 

0*0092 

0-0000 

10-00 

0-2260 

0-1040 

0-0340 

0-0000 

0*0000 

20-00 

0-2180 

0-0900 

0-0188 

0 0000 

0-0000 

35-00 

0-1680 

0-0740 

0-0092 

0*0000 

0-0000 

50*00 

0-1272 

0-0320 

0 0000 

0-0000 

oo^oo 

75-00 

0-0784 

0-0168 

0-0000 

0*0000 

0-0000 

100-00 

0-0344 

0-0000 

0-0000 

o-onoo 

0-0000 

200-00 

0-0840 

0*0272 

0-0000 

0*0000 

0*0000 

300-00 

0-1940 

0-1072 

0-0184 

0*0000 

0*0000 

500-00 

0-2440 

0-1860 

0-0860 

0-0092 

0-0000 

1000-00 

0-3000 

0-3000 

0-3000 

0-3000 

0*3000 


Control = containing no b-lactose. 
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tABLE 4~A 

Nitrification by Niirohacter agilis in the presence of D-maltdse 

(i) Volume of the culture medium taken = 50*0 ml* 

[ii) Volume of the sodium nitrite solution added = 0*3 ml* 


Amount of 
rnmaltose 
added to 
the medium 
(in mg.) 

Nitrite nitrogen left at different intervals of time (in mg.) 

Time in hours 

48 96 168 240 360 

Control 

0-2760 

0-1800 

0-0920 

0-U268 

0-0000 

5-00 

0-2640 

0-1380 

0-0568 

0-0172 

0 0000 

10-00 

0-2320 

0*1248 

0-0384 

0-0032 

0-0000 

20-00 

0-2120 

0 1100 

0-0272 

0-0000 

0.0000 

35-00 

0-1780 

0-0584 

0-0072 

0-0000 

0-0000 

50-00 

0-1240 

0-03-'8 

0-0000 

0-0000 

0*0000 

75-00 

0-0848 

0-0272 

0-0000 

0-0000 

0-0000 

100-00 

0-0592 

0-0064 

O'OOOO 

0-0000 

0-0000 

200-00 

0-1280 

0*0432 

0 0032 

0-0000 

0-0000 

300-00 

0-2160 

0-1340 

0-0176 

0-0068 

0 0000 

500-00 

0-2600 

0-1960 

0-1380 

0*0872 

0 0184 

1000-00 

0*3000 

0-3000 

0-3000 

0-3000 

0*3000 


Control = containing no D-maltose. 

Results and Discussion : 


Table 1-A shows that there is maximum oxidation of nitrite to nitrate at 
75 mg. of arabinose, above which it decreases. Table 2-A shows that in 
presence of rhamnose, the maximum formation of nitrate occurs when 50 mg. 
of it are present. Table 3~A and 4-A show that the maximum amount of 
nitrate formation by Nitrohacter agilis in presence of lactose and maltose occurs 
when 100 mg. of these sugars are present ; with larger amounts of sugars, 
the nitrate formation gradually decreases. A scrutiny of the results clearly 
indicates that the rate of nitrite oxidation by JVitrobacter agilis is accelerated by 
the presence of small quantities of sugars, and when the amount of sugars present 
is large the latter causes a depressing effect. It is also concluded from the results 
that the effectiveness of different sugars in stimulating the activity of nitrate 
forming bacterium varies from member to member, the most effective being 
lactose and maltose. The tolerance capacity of the bacterium for the sugars 
also varies with different sugars. While it can tolerate rhamnose concentration 
upto 50 mg./ 50 ml and arabinose concentration up to 75 mg./50 ml, it is able to 
tolerate maltose and lactose concentration upto 100 mg./50 ml. 

At the beginning as well as at the end of the experiment the total nitrogen 
content of the respective flask was estimated and it was found that there was hb 
loss of nitrogen. 

The effect of sugars alone (in the absence of nitrite) was also studied and it 
was found that in the absence of nitrite in the culture medium the sugars are toxic, 
and that their toxicity increases with the increase in the concentration of sugars 
and with the number of hours the bacterium is kept in contact with the sugar. 
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Bentonite as a Growth Medium for Nitrate-forming Bacterift 
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Samniary 

Bentonite was used as medium of growth for nitrate-forming bacteria singly 
and with carbonates of calcium, magnesium and sodium, and it was found that 
when bentonite alone was used, the growth was very poor but when carbonates 
of calcium and magnesium were added to it, the growth enhanced. Calcmm 
carbonate was found to be more effective. The presence of sodium carbonate 
proved injurious to the growth and activity of the bacteria. 

Introduction 

Clay is the most active fraction of the soil. The chemical and phyacai 
properties of the soil are dependent upon the surface activities of the clay minerals. 
The other two fractions of the soil, the sand and the silt, do not contribute much 
to the chemical properties of the soil and they are considered as skeleton of the 
soil. Amongst clays, silicate clays are the most widely distributed ones, although 
the hydrated oxide clays may also be present in tropical and subtropical soils, 
particularly in latent'' soils. Bentonite is one of the silicate clays which^ may be 
present in the soil. The principal clay mineral content of bentonite is monte- 
morillbniU^ although other clay minerals like illite and kaolinite and some 
non- clay minerals are also present.^ 

Tandon and R astogi have studied the growth of Nitrosomonas inbentoiutp 
medium and have found that without any optimum amount of free carbonates m 
calcium and magnesium, it is not a good medium for nitrite formation. The 
effectiveness of magnesium carbonate in stimulating the process in bentouite 
medium is better than that of calcium carbonate. 

Since nitrate-forming bacteria also belong to the nitrifying group, we w^c 
interested in studying the nature of the growth of these bacteria also in bentonite 
mediiuin. • Detailed experiments were carried out for the purpose and the results 
obtained are discussed here. 

Experimental 

A pure culture of nitrate-forming bacteria was prepared from the soil 
the elective culture method employing Fred and Davenport’s medium^. This 
pure culture of the bacteria was employed for the proposed study. 

Expiriments \/ere carried out with bentonite alone and with bentonite hi 
combination with carbonate of calcium or magnesium or sodium. 

0'2 ml sodium nitrite solution containing 0*2 mg nitrogen was taken for each 
experiment at the beginning, and the nitrite nitrogen left after definite intervals o 
time was estimated by GriessTlosovay method. 
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j>toM8^on 

From our results we find that the growth of Nitrobacter group ofbactma 
fs very poor when only bentonite is taken as growth medium. Similar results 
Iiave been obtained by Tandon and Rastogi^.s for Nitrosomonas group of 
bacteria. As the amount of bentonite in the medium is increased, the nitrite 
oxidation decreases (iee table 1), and as the nitrite oxidation is the function of 
the nitrate-forming bacteria, the growth of these bacteria is also supposed to be 
decreased. This decrease in the growth of nitrate-forming bacteria seems to be 
due to the excessive swelling of bentonite as a result of the large amount of water 
absorbed in it due to the forces associated with the inner layer of the colloidal 
surface, as a consequence of which the medium becomes impervious. 

TABLE 1 


Nitrite nitrogen left at different intervals of time (in mg) 
Nature of the m'^dium Time in hours 



48 

96 

168 

240 

360 

■^^i^^dl^d^avenport’s 

medium 

0-1561 

0 0701 

0-0058 



1-0 gm bentonite 

1*5 gm bentonite 

2*0 gm bt ntonite 

2*5 gm bentonite 

0-1/79 

0-1506 

0-1107 

0-0.-)99 

0-0174 

0-1851 

0-1634 

0-1379 

0-1071 

0 0675 

0-1888 

0-1742 

0-1506 

0-1198 

0-0762 

0-1924 

0-1779 

0-1561 

0-1343 

0-0951 


It is also observed that when calcium carbonate is added to the bentonite 
medium, the rate of nitrite oxidation increases considerably, which clearly 
indicates that in the presence of calcium carbonate bentonite becomes more suit- 
able for the growth and activity of the nitrate-forming bacteria. Maximum nitrate 
formation takes place whf'n 0-05 gm calcium carbonate is pieseni with I'O to 1*5 
em bentonite in 50 ml solution, but when higher amounts of bentonite are takenj 
fogher amounts of calcium carbonate are also required. That is, when 2-0 to 
2 5 gm bentonite is takt n in the medium per 50 ml, the amount of calcium carbo- 
nate^ with which maximum nitrite oxidation is obtained is 0-10 gm {see table 2). 

Swelling varies with the nature of adsorbed cations. The order of swelling 
for bentonite (Montomorillonite) is Na > Li > K > Ca > Ba > Hd), There is 
continuous decrease in swelling as the percentage of Ca++ ions in the system 
inctevses. The increase in the rate of nitrite oxidation in bentonite medium in 
presence of calcium carbonate may be due to this decrease in swelling. 


TABLB 2 


Amount of bentonite present Amount of CaCO, Nitdte nitrogen left after 

in 50 ml solution (in gm) taken (in gm) 168 hrs. (m mg.) 



The nitrite oxidation in presence of magnesium carbonate in bentonite 
medium is also found to be good but it is less than that with calcium carinate 
and higher than that with sodium carbonate or with no carbonate (stable 3). 
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This may be due to the swelling capacity of Mg++ ions, the swelling capacity rtf 
Mg++ ions being more than that of Ca++ and less than that of Na+, tW 
mediate position of Mg++ may also have been due to its property of dispel' 
which is higher than that of Ga++and lower than that of Na+, but it is ruled outa 
Marshall® has observed that the dispersion of bentonite which is primarily coiT 
posed ofmontomorillonite is about the same for Mg, Ga, Ba, H, Li, hJa, 

WHj ions. 

TABLE 3 


Amount of bentonite present 
in 50 ml solution (in gm) 

Amount of MgCOg 
talsen (in gmj 

Nitrite nitrogen left after 
168 hours (in mg.) 

1-0 

005 

0-0701 ' 

. .1-5 

0-05 

0-1 107 

2-0 

OmO 

0-1183 

2-5 

0-10 

0-1379 


The rate of nitrite oxidation in presence of sodium carbonate is very slow 
even slower than -that which occurs in the pres<-nce of bentonite alone. The rate 
of nitrate formation decreases with the increase in the am mnt of sodium carbonate 
and finally stops. Bentonite itself has a high swelling capacity and this increafej 
with the increase in the concentration of Na+ ions in the complex. The deprdsiiig 
effect of sodium carbonate might be due to this particular property of Na+ ions in 
increasing the swelling of bentonite. 

Thus, from the foregoing discussion it is clear that bentonite can be used 
satisfactorily as growth medium for Nitrobacter group of bacteria with optimum 
amounts of carbonates of calcium and magnesium, but this alone or with sodium 
carbonate is not suitable for the growth of the bacteria. 
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Abstract 

The effects of D-fructose, sucrose and raffnose on nitrification by MUrohactei 
agilis have been studied and it has been found that like other sugars they ako 
accelerate the rate of nitrification up to a certain limit, above which the rate dec- 
reases, and that the sugars are consumed by the bacterium in negligible amounts* 

In the previous communications on the above topic (Part I and Part Up 
the effects of giucoie, galactosj, mannose, arabinose, rhamnose, lactose and maltose 
on nitrification by Mitrobacter agilis have been reported. In the present paper 
the results of our study of the effects of D-fructose, sucrose and raffinose on nitrate 
formation by Nitrobacler agilis are given. 

The process employed in the experiment and for estimation of nitrite, and 
of total nitrite and nitrate nitrogen was the same as described in Part I. 

Estimation of Sugar 

Sugars like fructose, sucrose and raffinose can not be determined by icdo- 
metric method. Therefore, these sugars were estimated by Singh and Ghosh’s 
method^ according to which 20 ml. N/20 copper sulphate was introduced into the 
flask containing the sugar. Then 10 ml of N/5 sodium hydroxide and I’O g sodium 
citrate were added. The contents were heated and acidified with N/5 acetic 
acid. Unreacted copper was titrated against standard sodium thiosulphate in 
prejence of potassium iodide using starch as indicator. In the flasks containing 
more than 75 milligrams of sugar, larger amounts of the above reaction mixtures 
had to be added. 

Discussion of Results 

Table l-A and 2-A show that there is maximum oxidation of nitrite to 
nitrate by Nilrobader agilis at 100 mg of i^-fructose and sucrose respectively* 
Table 3--A shows that with 200 mg of raffinose, there is maximum oxidation ^ of 
nitrite to nitrate. Above these maximum limits of sugars, the nitrate formation 
by Nitrobacter agilis begins to decrease. 

Table 1-B, 2-B and S^-B show that in the first 48 to 96 hours, a very neg- 
ligible amount of sugars is consumed, and that the rate of consumption of sugars 
is proportional to the rate of nitrate formation. There is no more consumption 
of sugars after 168 hours. The exact reason for this behaviour is not very clear, 
but may probably be due to some catalytic action of sugars when they come 
in contact with Nitrobacter agilis in presence of nitrite. 

The effect of sugars on Nitrobacter agilis in the absence of nitrite has also 
been studied and it has been found that they are toxic when present m sman 
amounts and that their toxicity increases with increase in their amount and with 
increase in the number of hours of contact with them. 
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table 1-A 


Nitrification Ky Mtrobacter agUis in the presence of D-fructose. 

(/) Volume of the culture medium taken = 50-0 ml. 

(ii) Volume of the sodium nitrite solution added = 0-3 ml. 


Amount of 
D-fructose 
added to the 
medium 
(in mg) 

Amount of nitrite nitrogen left at different intervals of time (in mg) 
Time in hours 

48 96 168 240 300 

Control 

0-2920 

0-2160 

0-0860 

0-0312 

0-0000 

0-0000 

o-ooon 

5-00 

0-2600 

0-1640 

0-0748 

0-0036 

lO-OO 

0-2320 

0-1240 

0-0428 

0-0000 

20-00 

0-2120 

0-1168 

0-0400 

0-0000 

0-0000 

0-0000 

o-ooon 

35-00 

0-1640 

0-0972 

0-0188 

0-0000 

50-00 

0-1326 

0-0254 

0-0000 

0-0000 

75-00 

0-0840 

0-0184 

0-0000 

0-0000 

o-oooo 

100-00 

0-0832 

0-0032 

0-0000 

0-0000 

0*0000 

200-00 

0-1144 

0-0232 

0-0000 

0-0000 

0*0000 

300-00 

0-2040 

0-1352 

0-0840 

0-03P4 

0-0032 

500-00 

0-2680 

0-‘^440 

0-2040 

0-1920 

0-1800 

1000-00 

0-3000 

0-3000 

0-3000 

0-8000 

0-3000 

Control -- containinQ: no D~fructose 

TABLE 1-B 

Nitrification by Mtrobacter agilis in the presence of D-fructose. 


(tj Volume of the culture medium taken = 

50-0 ml. 



Volume of the sodium nitrite solution added = 0*3 ml. 


Amount of 

Amount of D-fructose left at diff'rent int' rvals of time 

(in mg.) 

D-fructose 
added to the 
medium 
(in mg) 

48 

96 

Time in hours 

168 

240 

360 

Control 

0-00 

0-00 

0-00 

0-00 

0-00 

5-00 

5-00 

4-7 

5-00 

4-4 

4-7 

10-00 

9-4 

9-7 

9-4 

9-4 

9-7 

20-00 

19-1 

18-8 

19-4 

19-1 

19-1 

- 85-00 

33-5 

33-8 

33-5 

33-8 

33-8 

50-00 

48-2 

48-2 

48-5 

48-2 

48-2 

75-00 

73-2 

73-2 

73-2 

73-2 

73-2 

JOOOO 

97 9 

98-2 

97-9 

97-9 

98-2 

200 00 

199-1 

199-1 

199-4 

199-4 

199-4 

300-00 

300-0 

300-0 

300-0 

300-0 

300-0 

500-00 

500-0 

500-0 

500-0 ■ 

500-0 

500-0 

looo-oo 

1000-0 

1000-0 

1000-0 

1000-0 

1000-0 . 


Control = containing no D-fructose 


[ 278 ] 


TABLE 2-A 

Nitrification by Nitrobacter agilis in the presence of sucrose. 


(i) Volume of the culture medium taken = 50*0 ml. 

(«) Volume of the sodium nitrate solution added == 0*3 ml. 


Amount of 
sucrose 
added to the 
medium 
(in mg) 

Nitrite nitrogen left at different intervals of time (in mg.) 

Time in hours 

48 96 168 240 360 

Control 

0-2880 

0-2040 

0-1112 

0-0432 

0-0016 

5*0 

0-2600 

0-1560 

0-0584 

0-0088 

0-0000 

10-0 

0-2160 

0-1140 

0-0388 

0*0000 

0-0000 

20*0 

0-1960 

0-0948 

0-0172 

0-0000 

0*0000 

35-0 

0-1380 

0-0596 

0-0052 

0*0000 

0*0000 

50-0 

0-1312 

0-0408 

0*0000 

0-0000 

0*0000 

75-0 

0-0792 

0-0164 , 

0*0000 

0-0000 

0*0000 

100*0 

0-0584 

0*0028 

0*0000 

0-0000 

0*0000 

200-0 

0-0964 

0-0236 

0-0036 

0*0000 

0*0000 

300*0 

0-2440 

0-2160 

0-1180 

0-0312 

0*0000 

500-0 

0-2680 

0-2480 

0-2080 

0-1540 

0*0840 

1000-0 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 



Control = containing no sucrose 




TABLE 2-B 



Nitrification by Mtrobacter agilis in 

the presence of sucrose 


(t) Volume of the culture medium taken 

= 50*0 ml 


(ii) Volume < 

of the sodium nitrite solution added = 0*3 ml 


Amount of 


Sucrose left at different intervals of time (in mg; 

sucrose 






added to the 

Time in hours 



medium 






(in mg) 

48 

96 

168 

240 

560 

Control 

0-00 

0-00 

0*00 

0*00 

0*00 

5-0 

5*00 

5-00 

4*43 

4*43 

4-43 

10-0 

10-00 

9-43 

9-43 

9-43 

9-43 

20-0 

19-43 

18-86 

18-86 

18-86 

18-86 

35-0 

33-86 

33-86 

32-72 

32*72 

32-72 

50-0 

48-86 

47-72 

47-15 

47-15 

47-15 

75*0 

71-58 

71-58 

71-58 

71-58 

71-58 

100-0 

97-15 

97-15 

97-15 

97*15 

97-15 

200-0 

198-86 

198-86 

197-72 

197-72 

197-72 

300-0 

298*86 

299-43 

300-00 

300*00 

300-00 

500-0 

500-00 

500-00 

500-00 

500*00 

500-00 

1000-0 

1000-00 

1000-00 

1000*00 

1000*00 

1000-00 


Control = containing no jucrosc. 
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TABLE 3-A. 

Nitrification by Nitrobader agtis in the presence of r^ifiinoie 
(i) Volume of the culture medium taken = 50*0 ml 
(«) Volume of the sodium nitrite solution added = 0*3 ml 


Amount of rafiSnose Nitrite nitrogen left at different intervals of time (in mg 1 
added to the medium Time in hours ^ 


(in mg) 

48 

96 

168 

240 

360 

Control 

0-2840 

0-1800 

0-0840 

0-0172 

O’Oooo 

5-0 

0-2760 

0-1560 

0-0352 

0-0000 

0*000Q 

10-0 

0-2520 

0-0984 

0-0128 

0-0000 

0*0000 

20-0 

0*2200 

0-0952 

0-0192 

0-0000 

0*0000 

35*0 

0-1800 

0-0584 

0-0076 

0-0000 . 

0*0000 

50-0 

0-1760 

0-0552 

U-0052 

0-0000 

0*0000 

75-0 

0-1160 

0-0072 

0-0000 

0-0000 

0*0000 

100-0 

0-0840 

0-0000 

.0-0000 

0-0000 

0*0000 

200-0 

0-0644 

0-0000 

0-0000 

0-0000 

V V w w V/ 

o*cooo 

• 300-0 

0-1112 

0-0184 

0-0000 

0-0000 

0*0000 

500-0 

0-1980 

0-0852 

0-0076 

0-0000 

0-0000 

1000-0 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 


Control — containing no rafflnosc. 


TABLE 3--B 

Nitrification by Mitrobacter agilis in the presence of raffinose 

(t) Volume of the culture medium taken = 50'0 ml 
(«) Volume of the sodium nitrite solution added = 0’3 ml 


Amount of raffinose 
added to the medium 


(in mg) 

48 

96 

Control 

0-00 

0-00 

5-0 

5-00 

5-00 

10-0 

10-00 

9-58 

20-0 

19-58 

19-16 

35-0 

33-74 

33-32 

50-0 

46-64 

46-64 

75-0 

70-80 

70-80 

100*0 

95-80 

95-80 

200-0 

196-64 

196-64 

300-0 

300-00 

300-00 

500-0 

500-00 

500-00 

1000-0 

1000-00 

1000-00 


Raffinose left at different intei’vals of time (in mg) 
Time in hours 


168 


240 


360 


0-00 

4-58 

9-16 

10-74 

33-32 

45-80 

70-80 

95-80 

195-80 

300-00 

500-00 

1000-00 


0-00 
4-58 
9-58 
19-1 (i 
33-32 
-15-80 
70-80 
95-fO 
195-80 
300-00 
500-00 
1000-00 


0-00 

4-58 

9-58 

18-74- 

33-.i2 

45-80 

70-80 

95-80 

195-80 

300-00 

500-00 

1000-00 
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Coloured Chelates of the Rare Earths and their Analytical 
Applications, Part —I. Metal Chelates of Rare Earths 

with Thoron 

By 

SATENDRA P. SANGAL*, SURENDRA N. SINHA+ & ARUN K. DEY 
Chemical Laboratories^ University of Allahabad^ Allahabad 
[Received on 19tli June, 19 67] 

Abstract 

The characteristics of the metal chelates of Thoron with Pr (III), Nd (III). 
Sm (III), Eu (III), Gd (III), Tb (III), Dy (III), Ho (III), Er (III), Tm Jll); 
Yb (III) and Lu (III) have been reported. The wavelength ol maximum absorp- 
tion of the chelates lies at 500 m/A in each case. The metal : ligand ratio as 
determined by different methods is 1 : 2, The apparent stability constants of the 
chelates at 25° and pH 4*0 have been evaluated by three different methods and it 
has been observed that no particular sequence is followed in the stability of the 
chelates with the increase of atomic number. 


In recent years renewed interest is being evinced in the chemistry of rare 
earths, especially on account of their similarity with the actinoids as well as in 
view of the growing technology of the rare earth elements. 

In these laboratories a comprehensive programme of work on coloured 
chelates of the rare earths has been undertaken and the present series of communi- 
cations record some of the work. Many of the chromogenic ligands are sensitive 
and compared favourably with the known chromogenic reagents for the photo- 
metric determination of the rare earth elements ; therefore, observations have also 
been made to study the applications of the coloured chelate formation in spectro- 
photometric determinations. 

Kuznetsov^ as a result of a comprehensive work on the chromogenic 
reactions of compounds containing an arsono group concluded that o-hydroxyazo 
compounds having an arsono group in ortho position to the azo group, react in an 
acidic medium with many elements to yield precipitates with a simultaneous 
change of colour. The characteristic functional groups in such compounds may 
be shown as 


Prtanf addnssis : 

^Laxminarayan Institute of Technology, University of Nagpur, Nagpur. 

fRcscarch Division of Clinical Laboratories^ Meyer Memorial Hospital, 462 Grider Street. 
Buffdo, N.Y., U. S. A. 
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has been obletved that these elements fonn eoloured chelates withTpANs'” l' 
£:e'’b're^Ter““”” of the r„et“L7pAN‘^"L^" 

£xperiizieotal P]^oc6diir6 

K„ o measurements : A Unicam SP 500 spectrophotometer operated 

by a Doran’s mams Unit on 220 V/50 cycles a.c. mains was emSf KbsS 
bance measurements. The measuring cells used were 10 mm thidc. ^ 

and Nortkrup 

the instrunient.^ having glass calomel electiode system supplied with 

ine the solutions of the rare earths were prepared either by dissolv* 

acfd or the chloride-f .oxides (Johnson Matthey samples) in concn. hydrochloric 

(B. D. H. was prepared by dissolving its disodium salt 

«... preset ved solution a growth of fungus is observed. 

condilioned*Toom^^**Th’p experiments were performed at 25° ± 1° in an air- 

snittable amount of HGl o^nIoH ' Th!°d TV 

ou“ therefore 'i ml in.K ati ■’ chelates have a tendency to precipitate 

tuerclore, 5 ml (0-5 M) solution of mannitol was added to each mature 
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keeping the total volume 25 ml. The absorbanrp r.f * , 

at 535 mii and 545 mAi because the difference in been noted 

chelates is considerable. To economise space onlv the of APANS and the 

chelate have been given as typical onls ^ ^ Lutecium- APANS 


Resolts and Discussion 


Nature of the complexes formed -.-By employing the mpthnri nfv n x. j 
e,> the nature of the eompIeL f^rZed^wlT studW ''“V'Si h-d 


Cwper ..... lormea was studied. For this ^pwral 

mixtures containmg different ratios of metal • APAM <5 or mis, several 

absorbances measured from 400 m /1 to 600 mil At dH 4-0 thp and their 

absorption of APANS was found to be at 4 S) m/T whde that of m^.mum 

at 500 m/* in each case. (Fig. 1 ). " chelates 



Fig. 1. Absorption spectra of Jutecium-APANS chelate at pH 4‘0. 
Final concentration of the reactants t 

Curve A APANS = 8-0 x lO-^M 

Curve B AP.'sNS = 8-0 x IC-^M ; LuCla = 1-6 x 10-*M 

Curve C APANS = S'O X lO-sM : LuCla = 8-0 X 10-5M 

Curve D APANS = 8-0 .. iO-5;M ; LuCla = 4-0 x lO-^M 


of the chelate : Several mixtures containmg rare earth 
values iu the ratio of 1 : 2 were prepared and adjusted to different pH 

600 mil ^hsorption spectra of these mixtures were recorded from 400 m/i to 
nH ^ l^max of the mixtures were plotted. Table 1 shows the range of 

P tween which the various chelates are stable. 
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Fig. 2* Composition of lateciura-APAJNS chelate 
at pH 4-0 and 535 tn/t, using continuous 
variations method p ^ 1, =; c'jc 

Final concentration of the reactants : 
Curve A 4-0 x lO-^M 
Curve B 2*0 x 10-^M 
Curve G 1*33 x 10'- 4M 



Fig. 3. Composition of lutecium-APANS 
chelate by the mole ratio method 
at pH 4*0 and 535 m/A. 

Curve A = Final concentration of 
APANS 1*0 X lO-^M 
Curve B ~ Final concentration of 
APANS 8*0 X 10-BM 



Fig. 4. Composition of lutecium- APANS chelate by the slope ratio 
method at pH 4*0. 

Curve A & B APANS excess, LuGIa varying. 

Curve C & D LnCls excess, APANS varying. 

Broken line 535 
Solid lines 545 m/A 

excess component + x ml 

(roo X 10"’M) variable component + 5 tnl (0‘5M) 
mannitol + (10 - *) ml Hj^O. 





Composition of the chelates : The composition of the chelates have been determim 
ed spectrophotometrically using three different methods, Le., the method of continu* 
ous variations, mole ratio method and the slope ratio method. The composition 
heen determined at 535 m/x and 545 m/* and has been found to be I : 2 {Rare 

Jarthmetals: APANS)(Figs.2-^). 


TABLE I 


Characteristics of rare earth chelates with APAMS 
pH 4'0, Temperature 25°, Wavelength of study 535 m/^, 
Composition (Metal : APANS) 1 : 2 


Chelate 

pH range of stability 

Average log K 

Pr - (APANS )2 

2-5 - 8-0 

9-2 ± 0-2 

Nd- (APANS )2 

3-5- 7-0 

8-9 ± 0-2 

Sm - (APANS )2 

2-8 - 7-6 

9-6 ± 0-1 

Ed - (APANS) 2 

3-5 - 7-5 

8-4 ± 0-2 

Gd - ( APANS )a 

3-5 - 8-0 

8-8 ± 0-1 

Tb - (APANS)a 

3-5 - 7-5 

8-8 ± 0-1 

Dy - (APANS)* 

3-5 - 7-5 

9-3 ± 0*1 

Ho - (APANS )2 

3-5 - 7-5 

9-1 ± 0-3 

Er - (APANS)* 

3-0 -7-5 

9-0 ±0-2 

Tm- (APANS ) 2 

3-5 - 8-0 

9-4 ± 0*2 

Yb - (APANS)2 

3-5 - 8-0 

9-5 ± 0-2 

Lu - (APANS) 2 

3-5 -8-0 

9'6 ± 0*1 


Evaluation of the stability constants : In the present study stability constants 
determined are those obtained at a fixed temperature and pH. Attempts to 
maintain the ionic strength at constant level by Swamping with an indifferent 
electrolyte could not succeed in the present work as the metaLchelates precipitated 
by the addition of an electrolyte. For the determination of these stability cons- 
tants three methods have been applied, i.e.^ method of Dey et the mole 

ratio method^* and the method of continuous variations^^^ values of 

log K obtained in each case by different methods are in close agreement with each 
other. Table 1 shows the value of average log K obtained by three methods. 

Suggestion on the structure of the chelates ; The lanthanoid chelates investigated 
in the present work have been found to be anionic in nature by electrophoresis as 
well as by the complete adsorption of the chelates by ion exchange resin Amberlite 
lR-45{OH). Further, on mixing the solutions of metal and the reagent, both 
brought individually to the same pH value, Le.^ 4*0, there is a drop in pH of the 
mixtures, showing that the hydrogen ions are liberated as a result of the chelation 
process. The following structure is suggested for the rare earth chelates of 
APANS : 
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It is well known’* that the donor properties of azo group are weak, but 
azo compounds which contain a strong donor group in a position ortho to the azo 
group form very stable chelate rings. In APANS there is a hydroxy group and an 
arsonic group in ortho position to the azo group, which nnake it suited as a 
chelating agent. Both these groups are capable of linking the metal ion by the 
removal of proton. Also the sulphonic groups are ionized at pH 4-0, as reported 
by Banks et and hence the above structure for the chelates seems to be 
justified. It should however be emphasised that the above structure is purely 
tentative and further information cannot be obtained from the results of the 
present work. 
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Coloured Chelates of the Rare Earths and their Analytical 
Applications, Part— II. Analytical Applications of Thoron 
for the Determination of Rare Earths 

By 


S ATEN DR A P. SANGAL*, SURENDRA N. SINHAt & ARU.N K. DEY 
Chemical Laboratories, University of Allahabad, Allahabad 
[Received on 19th June, 1967] 

Abstract 

The use of l-(o-arsonophenylazo)-2-naphthol 3 : 6 disulphonate (Thoron) 
mthe spectrophotometnc determination of the rare earths have been deSS 
w of the chelates, the range of stability 

Sked^ut ^ adherence to Beer’s Law and the sensitivity have bin 


seriesi, the composition, stability and characteristics of 
lare earth - Thoron chelates have been described. The present paper reports the 

Experimental 

Reagents and apparatus : These have already been described in Part P. 

f . of study : All experiments were performed at 25°. The total volume 

“^^s'^J^oients were 25 ml and the pH was adjusted 
to 4 0 by the addition of sodium hydroxide or hydrochloric acid. As the ch^elates 
tf precipitate out, therefore 5 ml (0-5 M) solution of mannitol 
was added m each case. Absorbance measurements ^ ere done using 10 mm thick- 
ness of solutions at 545 mu, where the difference in absorbance between the coloured 
Chelate and the reagent was considerable. 

Results and Discussion 


rMate ; The absorption spectra of the various chelates of 
f Vj with rare earths show that only one complex is formed under the conditions 
* y ■„ , ™aximum absorption of the reagent is at 480 mju while 
toofall the rare earth chelates at 500 m/*. The composition of the chelates 
as determin^ by the method of continuous variations, mole ratio and the slope 
ratio methods is 1 ; 2 (metal : ligand) in each case. 


Efect of temperature on the colour intensity of the chelates : The absorbance of 
several mixtures containing an excess of APANS was measured at different 
temperatures^ and it remains constant from 5° to 90°. 
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Effect of pH on the stability of the chelates \ V ^xiom mixtures conUinind 
and APANS in the ratio 1 : 2 were prepared and their absorbances meas^^ 
different wavelengths. It was observed that the range, within which a particular 
chelate is stable varies, as is shown in Table 1 . 

Confirmity to Beers's Law : The range for the adherence to Beer’s law have been 
determined by the usual method and the results are given in the Table 1. 

Sensiitvity : The sensitivity indices according to the Sandell’s expression are 
shown in Table 1. 

TABLE 1 


Analytical applications of ABA NS chelates oj Rare earths 
pH 4‘0, Temperature 25"^, Wavelength of study 545 m/Jt 


Metal 

ion 

(III) 

pH range of 
stability 

Range for adherence 
to Beer’s law 

p.p.m. 

Sensitivity 
indices (Sandell) 
T/cm2 

Pr 

2-5 -8-0 

0-45- 10-15 

0-094 ’ 

Nd : 

3-5 - 7-0 

0-38-11-00 

0-090 

Sm 

2-8 - 7-6 

0-42 - 12-00 

0-075 

Eu 

3-5 - 7-5 

0-40 - 12-80 

0-076 

Gd 

3*5 -8-0 

0-50-11-30 

0-100 

Tb 

3-5 -7-5 

0-42 - 14-30 

0071 

Dy 

3-5 -7-5 

0-44 - 11-70 

0-080 

Ho . 

3-5- 7-5 

0-44 - 19-80 

0-082 

Er 

3-0 -7-5 

0-40-18-60 

0-013 

Tm 

3-5~8'0 

0-45-12-10 

0-084 

Yb 

3*5 - 8-0 

0-46-12-40 

0-086 

Lu 

3-5 - 8-0 

0-46 - 12-50 

0-087 


Effect of various ions : Various ions were tested for their influence on the. colour 
reaction and it was found that magnesium (11), calcium (11), strontium (II|, 
barium (11), aluminium (HI), tin (IV), lead (II), arsenic (HI), antimony (El), 
bismuth (III', copper (Ilj, silver (I), zinc (II), cadmium (II), manganese (Ej, 
cobalt (II), nickel (II), 'ruthenium (III), rhodium (III), sulphhe, sulphate, thio- 
sulphate, chloride, bromide, iodide and chlorate do not interfere in the determina* 
tion of rare earths when APANS is used as a chromogenic reagent. 

Recommended procedure : To the solution containing metal ion individually, is 
added a four fold excess of APANS solution and the pH adjusted to 4;0. Five ml 
(0^5 M) solution of mannitol is added to check precipitation of the lake. Ike 
mixture is allowed to stand for 30 minutes at 25^. The absorbance is measured 
at 545 mf*. The absorbance values are then compared with the calibration curve 
obtained under similar conditions. 
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Coloured Chelates of the Rare Earths and their Analytical 
Applications, Part— III. Composition and Stability of the 
Chelates with Chrome Azurol S. 

By 
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Abstract 

The composition and stability of Chrome Azurol S chelates of lanthanoids 
have been described. The molar ratios of the chelates as found spectrophoto- 
metrically is 1 : 1 (metal: GAS). The values of conditional stability constants 
(log K) of different chelates at pH 6*0 and 25° varies from 4*6 to 5*2. 


Dey^ has reviewed the applications of a number of triphenylmethane dyes. 
The most important ones are Aluminon, Chrome Azurol S, Xylenol Orange and 
Eriochrome Cyanine R. G. All the^e dyes have been noted to form coloured 
chelates with lanthanoids. Chrome Azurol S (abbrv. GAS) has been found to be 
very sensitive chromogenic reagent for the microdetermination of scandium, 
yttrium and lanthanum^ and also for the rare earths. In th i present communica- 
tion the characteristics of the lanthanoid-GAS chelates have been reported. 

Materials : As described earlier® solutions of rare earths were prepared. A 
stock solution of GAS (B. D. H.) was prepared in double distilled water. • 

Apparatus : A Unicam SP 500 spectrophotometer with 10 mm glass cells and 
a Leeds and Northrup direct reading pH indicator were used for absorbance and 
pH measurements respectively. 

Conditions of study \ All experiments were performed at 25° G and the pH of 
the solutions was 6*0 ± b *2. The pH was adjusted by adding HGl or NaOH 
keeping the total volume 25 ml in each case. 

Absorption spectra of the chelates : The absorption spectra of the different 
chelates of rare earths with GAS -have been studied, which shows that the of 

CAS at pH 6-0 lies at 420 mfi while that of the chelates varies from 490 m/x to 
550 m/A (Table 1) (Fig. !)• 
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Stability of the chelates with pH ; A number of mixtures Containing ('^•nv m li 
of rare earths and CAS were prepared at diflFerent pH and their a 
T he range of pH within which the Xmax of the chelate remains constat.^ 
stability of these chelates as shown in Table 1 (Fig. 2).* 4^ 


Composition of the chelate : For the determination of the molar rat* 
rare earth metals and GAS, three methods, z.g., the method of continuo^^ ^ ^ 

tions, mole ratio method and the slope ratio method were employed % 
shows the composition of these chelates to be 1 : 1 (Fig. 3), ‘ ^ 



Wavelength (miJ) 


Fig. 1. Absorption spectra of Stn (IIIj-CAS chelate. 
Final concentrations of the reactants : 

Curve A. CAS = S'O x 
Curve B. CAS = 8'0 x lO-^M ; 
SmClj 16-0 X 10-isM 

Curve O. CAS => 8-0 x lO-^M : 
SmCls8-0 X 10-»M 

Curve D. GAS = 8'0 x 10 ~bM : 
SmCla ^I’O X 10"BM 


*Figs. with Sm only are shown hcri. 
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5 ^ 


r2 



... f ^ -■ t J 

<‘5 50 5^5 7 ^ 

PH 

fig. 2. Influence of pH on the stability of 
the chelate. 

Final concentration of the readlants : 
SmClg = 2*0 X lO'^M 
GAS = 2*0 X 10-4 M 



Fig. 3. Determination of the com- 
position by the method of 
continuous variations at 
pH 6*0 and 510 mp. using 
equimolar solutions. 

Curve A 4*00 x lO-^M 
Curve B 2*00 x lO-^M 
Curve C 1*33 x 10-^M 


TABLE 1 


Characteristics of lanthanoid-CAS chelates 
pH 6*0 ; Temperature 25® 


Metal Chelate 

\max 

pH range of 
stability 

Composition 

M: CAS 

Ge (III) - GAS 

490 

5-5- 

7-5 

I : 1 

Pr (III) - GAS 

500 

5-0- 

7*5 

1:1 

Nd(III) - GAS 

490 

5-5- 

■6-5 

1 : 1 

Sm(III) - GAS 

490 

5-0- 

6*5 

1:1 

Eu (III) - CAS 

540 

4*5 - 

8-5 

1 : 1 

Gd(III) - CAS 

510 

5-0- 

8-5 

1 : 1 

Tb (III) - GAS 

500 

4-5- 

8-0 

1 ; 1 

Dy (III) _ CAS 

530 

5-0- 

7-5 

1 : 1 

Ho(III) - GAS 

550 

5-5 - 

8-5 

1 : 1 

Er (III) - GAS 

500 

5-5- 

6-5 

1 : 1 

Tm(in) - GAS 

510 

5-5- 

6-5 

1 :1 

Yb (HI) - GAS 

550 

5-5- 

8-5 

1 . 1 

Lu (III) - GAS 

510 

5-5 - 

7-0 

1 : 1 
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Conditional stability comtants : The stability constants have been detenumed 
at fi>ed pH 6*0 nnd temperature 25^G. Three different methods {a) method of 
Dey etal\{h) continuous variations method, and (^;) the mole ratio method 
were applied for evaluating the conditional stability constants. The results 
obtained by all the three methods are shown in Table -2. 


TABLE 2 

Stability comtants of lanthanoid-CAS chelates 
pH 6*0 ; Temperature 25^ 


Chelate of 

log K by the methods employed 

(«) ib) (c) 

Ge (III) 

4-5 ± 0-3 

4-7 ± 0-2 

4*7 dr 0-1 

Pr (III) 

4-8 ± 0-1 

4-6 d: 0-2 

4*9 ± 0*1 

Nd (III) 

4-5 ± 0-2 

4-6 ± 0-1 

4*7 ± O-I 

Sm (III) 

4-8 ± 0-2 

5*2 ± 0'2 

5-2 dr 0*1 

Eu (III) 

4-2 ± 0-1 

4-7 ± 0*1 

4-9 dr 0*2 

Gd (III) 

4*4 ± 0-2 

5*0 ± 0*1 

5 0 dr 0-2 

Tb (III) 

4*7 ± 0-2 

4*7 ± O'l 

4*9 dr 0*2 

Dy (III) 

4-2 -h 0*1 

4*3 ± 0*1 

4*0 dr 0-1 

Ho (III) 

4*3 ± 0*2 

4-7 dr 0*2 

4-9 d: 0*2 

Er (III) 

4-6 i: 0 2 

4*6 d: 0*2 

4-8 dr 0*1 

Tm (III) 

4*5 ± 0*1 

4i6 d: 0*1 

4*5 ± 0*1 

Yb (III) 

4*4 ± 0-2 

4*5 ± 0*1 

4*8 dr 0-1 

Lu (III) 

4-6 ± 0-2 

4-6 d- 01 

4*8 ± 0*1 
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Colour ed Chei ates of the Rare Earths andtheir Ana ly tical 
Applic ations. Part— IV Chrome Azurol S as a Sen sitive 

Ghromogenic Reagent for the Spectrop hotometric 
Determination of Lanthanoids 

By 

SURENDRA N- SINHA , SATENDRA P. SANGAL^ & ARUN K. DEY 
Chemical Laboraiories, University of Allahabad, Allahabad 
[Received on 1 9th June, 1967] 

Abstract 

The formation of 1 : 1 chelates of rare earths with Chrome Azurol S may be 
used for the spectrophotometric determination of these metals. The pr4-nt 
studies include the absorption spectra, the effect of pH on the chelates, the ran^e 
for adherence to Beer’s law and sensitivity indices. ° 


In continuation with our work on coloured chelates of the rare earths^-a 
the use of Chrome Azurol S as a sensitive reagent for the determination of these 
elements is being reported. 

Experimental 

Instruments and materials ; These were the same as in Part— Ih 
Results and Discussion 
Absorption spectra of the chelates : 

Absorption spectra of various chelates of GAS and rare earths have been 
studied. It has been noted that the wavelength maxima of CAS at pH 6*0 is at 
420 m/x, while the \max of different chelates varies and has been shown in Table 1. 

Effect of pH on the stability of the chehtes : 

^ The range of pH within which the chelates are stable has been determined 
and is given in Table 1 , For this, various mixtures containing individual rare 
earths and GAS in equimoleciilar ratio were prepared at different pH and their 
absorption spectra recorded from 400 m/i to 650 m/x. The absorption maxima of 
various chelates remain stable only within a definite pH range which shows the 
stability of the chelates. 

Effect of reagent concentration : 

The absorbance of solutions containing different rare earths and with varying 
excess of GAS were prepared at pH 6*0 and their absorbance measured at 
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resnective wavelengths shown in Table 1 . It was found that the maximum inten- 
sTty of the chelatesi obtained when the reagent is present 3-4 times molar in 

excess. 

Effect of time and temperature on the absorbance : 

Mixtures of individual rare earths and GAS at pH 6;0 were found to attain 
the maximum absorbance value immediately but the solutions were kept for thirty 

minutes for attaining equilibrium. Temperature also has a neghgiWe efiect on 

the absorbance values. This has been confirmed by measuring the absorbance of 
different rare earth chelates of CAS in the 1 . 1 ratio from 1 to 90 C. 

Beer's Lam : , , , 

The .ange of conc»tralion foT the adherence to Beer > to* to™ deter. 

mined for every tare 2,” “ . 9 i'l) of different rare’SrS. 

m:tS.TrSdTa;dXio£eTasU oate. The colom 

intensity was measured at wavelengths shown m 1 able . 

Sensitivity Indices : 

The sensitivity indices of the colour reaction of different rare earth chelate 
as defined by Sandell, log hlh = O’OOl, has been determined and summarized m 
Table I. 

TABLE 1 

Photometric determination of r are earth metals with CAS 


Metal 

ion hfthax 
(III) (mih) 


pH range 
of 

stability 


Wavelength 
of study 
(mfi) 


Range for 
adherence 
to Beer’s 
law (p.p.m.) 


Sensitivity 

indices 

(Sandell’s) 

y/cm® 


Ce 

Pr 

Nd 

Sm 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 


490 

500 

490 

490 

540 

510 

500 

530 

550 

500 

510 

550 

510 


5-5 - 7-5 
5-0 - 7-5 
5-5 - 6-5 
5-0 - 6*5 
4-5 - 8-5 
5 0 - 8-5 

4- 5 - 8-0 

5- 0 - 7-5 
5-5 - 8-5 
5-5 - 6-5 
5-5 - 6-5 
5-5 -8-5 
5*5 - 7 0 


520 

500 

520 

520 

550 

520 

520 

540 

550 

500 

520 

550 

520 


0-37- 
0-45 
0-38- 
0-40 - 
0-33 
0-42 - 
0-42 - 
0 43 ■ 
0-44 ■ 
0-53 - 
0-34- 
0’47 
0-47 - 


8-4 
- 11'3 

• 10-4 
10*0 

- 10-9 
l)-4 
1 1-4 

• 11-7 

11- 9 

12 - 0 

• 8-1 
- 12'5 

12-6 


0-093 
0-075 
0-070 
0-075 
0-056 
0-078 
0-053 
0 069 
0-082 
0-167 
0-113 
0-113 
0-140 
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Coloured Chelates of the Rare Earths and their Analytica 
Applications, Part — V. Composition and Stability of the 
Alizarin- 3- Sulphonate Chelates of Lanthanoids 

By 

SURENDRA N. SINHA*, SATENDRA P. SANGALt & ARUN K. DEY 
Chemical Laboratories, University of Allahabad, Allahabad 
[Received on 19th June, 1967] 


Abstract 

The composition, stability and other characteristics of lanthanoid~ARS 
chelates have been described in detail. The \max the 1:2 (metal : ARS) 
chelates lies between 520-530 mix at pH 4*0. The chelates are stable between pH 
3*0 and 7*5. The values of logarithms of stability constants determined at pH 4*0 
and 25° varies between 8*3 and 9*4. 


Rinehart^ reported the use of Alizarin-3 -sulphonate (Alizarin Red S ; abbr. 
ARS) as a sensitive chromogenic reagent for some of the rare earths. In an 
earlier communication we have described the coloured chelates of scandium, 
yttrium and lanthanum^^ » ^ith this ligand. In the present communication 
detailed studies on the composition and characteristics of the rare earth chelates 
of ARS have been reported. 

Experimental 

Instruments : A Unicam SP 500 spectrophotometer with 10 mm light path and 
L and N direct reading pH indicator were employed for absorption and hydro- 
gen ion concentration measurements, respectively. 

Materials : Standard solutions of ARS (B. D. H. indicator) was freshly pre- 
pared in distilled water. Stock solutions of different rare earths were prepared 
by dissolving the Johnson Matthey samples of oxides or chlorides in hydrochloric 
acid and distilled water respectively as described earlier^. 

Conditions of study : All the experiments were performed at 25° and at pH 
4*0. In order to check precipitation 5 ml (0*5 M) mannitol solution was added in 
each case keeping the total volume 25 ml. The ionic strength of the solutions 
could not be adjusted because addition of the electrolyte caused the precipitation 
of the chelate. 
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j^esults and Oiscassion 

Absorption spectra of lanthanoid-ARS chelates : 

Several mixtures containing 0:1, 1 : 0*5, 1 : 1, and 1 : 2 ratios of rare 
earths and ARS were prepared at pH 4‘0 and their absorbances recorded from 
^00 m/A to 700 mu. The absorbances were plotted against wavelength and from 
the curves it was concluded that the Xmax of ARS lies at 420 mu while those of the 
rare earth chelates varied between 520 m/x and 530 mu as shown in Table 1. 

Absorption spectra of lanihanoid-ARS chelates at different pH, 

Absorbance measurements of mixtures containing rare earths (2*0 X 
and ARS (4*0 X lO’^M) were carried out at different pH values. The Ama of the 
chelates were plotted against pH and from it the range within which a particular 
chelate is stable was determined as shown in Table 1. 

Composition of the chelates \ Three different methods were used for the deter- 
mination of the composition of the chelates, Le,, the method of continuous varia- 
tions, mole ratio method and the slope ratio method. The results of all the three 
methods show that the molar ratio of different chelates is 1 : 2 (metal : ARS) as 
shown in Table 1. . 


TABLE 1 

Characteristics of rare earth-ARS chelates 


pH 4‘0 ; Temperature 25° 


Chelate 

^max (^/^) 

pH range of 
stability 

Composition 

RE (III) -ARS 

Ge (III) -ARS 

520 

3-5 -7-0 

I :2 

Pr (III, -ARS 

520 

3-5 - 7-5 

1 : 2 

Nd (III) - ARS 

520 

3-5 - 7*5 

1:2 

Sm (III) - ARS 

520 

3-5 -7-0 

1:2 

Eu (III) -ARS 

530 

3-5 -7*5 

1 2 

Gd (III) - ARS 

520 

4-5 - 7-5 

I : 2 

Tb (III) - ARS 

530 

3-5 - 7-0 

1:2 

Dy (III) - ARS 

525 

4-0 - 7-5 

1 : 2 

Ho (III) - ARS 

530 

4*0 - 7*0 

1:2 

Er (III) -ARS 

530 

3-5 - 7-5 

1 : 2 

Tm (III) -ARS 

530 

3-5- 7-5 

1 :2 

Yb (III) - ARS 

530 

3-5 - 7*5 

1:2 ■ 

Lu (III) -ARS 

530 

3-5 - 7-5 

1 : 2 


Conditional Stability Constants 

The stability constants of the chelates have 
ani temperature 25°. Three different methods 
and the results are shown in Table 2. 


been determined at fixed pH 4 0 
[vide Part It have been applied 
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TABLE 2 

Stability constant [log K) of rare earth-ARS chelates 
pH 4*0 ; Temperature 25*^ 


Chelate 

Method [a] 

log K 

Method [b) 

M ethod [c) 

Ce (III)-ARS 

9-2 ± 0-3 

8*8 ± 0*1 

8*7 ± 0*1 

Pr (III)-ARS 

9-3 ± 0-2 

9*1 ± 0 4 

8 9 ± o'2 

Nd (III) - ARS 

8-8 ± 0-3 

8*4 ± 0*2 

8‘6 ± OM 

Sm (III) - ARS 

8-8 ± 0-2 

'8*4 ± 0*2 

94 ± 0*3 

Eu (III) - ARS 

8-8 ± 0-3 

dt 0*3 

8*8 ± 0*3 

Gd (III) - ARS 

8-6 ± 0-4 

8*6 ± 0*1 

8*7 ± 0*2 

Tb (III) - ARS 

9-1 ± 0-4 

9*0 db 0*5 

9*2 ± 0-2 

Dy (III) -ARS 

9-5 ± 0-2 

9*4 ± 0*2 

9*3 ± 0*2 

Ho (III) - ARS 

84 ± 04 

8*7 ± 0*3 

8*9 ± 0*2 

Er (III - ARS 

84 ± 04 

8*5± 0*5 

8 7 ± 0*1 

Tm (III) - ARS 

8-6 ± 0-2 

8'3 ± 0*1 

8 0 ± 0*2 

Yb (III) -ARS 

8*7 ^ 0*3 

8*6 ± 0*2 

8*7 '±0 2 

Lu (III) -ARS 

9*2 ± 0*4 

9*2 ± 0*5 

91 ± 0*2 
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Coloured Chelates of the Rare Earths and their Analytical 
Applications, Part — VI. Spectrophotometric 
Determination of Rare Earths using Alizarin 
Red S as a Chromogenic Reagent 

By 

SATENDRA P. SANGAL* SURENDRA SINHaT & ARUN K. DEY 
Chemical Laboratories ^ University of Allahabad , Allahabad 
[Received on 19th June, 1967J 

Abstract 

Optimum conditions for the photometric determination of rare earths using 
Alizarin Red S as a chromogenic reagent have been worked out. The studies 
include the determination of wavelength of maximum absorption, adherence to 
Beer’s law, sensitivity indices, effect of pH on determinations and the effect of 
added foreign ions. 


In the previous Part^ of this series we have described the chelates of 
Alizarin Red S with the rare earths. The analytical applications are now being 
described. 

Experimental 

Instruments and Materials : As has been described in Part V of the seriesb 
Conditions of study : 

All experiments were performed at 25° keeping the pH of solutions 4*0 To 
check precipitation 0’5M mannitol solution (5 ml; was added in each case. “The 
total volume was kept 25 ml. 

Results and Discassion 

Absorption spectra of lanthanoid — ARS chelates : 

From the absorption spectra of different lanthanoid- -ARS chelates (Fig. 1) 
it has been found that the \rn.ax of ARS at pH 4*0 lies at 420 m/* while that of the 

chelates of rare earths between 520 and 530 mp (Table 1). 

Effect of pH on the absorbance of the chelate : 

Different solutions of rare earths and ARS in the ratio of 1 : 2 were prepared 
at various pH values and their absorbance spectra was recorded from 400 to 
700 TDfi, From the absorption spectra the absorbance of different chelates at the 
wavelength of study were recorded in each case. The range of pH within which 

the absorbance remains the same are given in Table 1 . 
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Fig. 1. 


Curve A 
Curve B 
Curve G 
Curve D 


Absorption spectra of lanthacoid-ARS chelates 
Final concentration of the reactants. 

Rare earths = 2*0 x 10-*M 
ARS =4‘0 x]0-4m 

ARS 

Ge (III), Pr (III), Nd (IIT), Sm (III) Gd (III), chelates. 

Dy (III) chelate 

Eu (III), Tb (III), Ho iIII). Tm (III), Yb (III), Lu (III) chelates. 


TABLE 1 

Characteristics of lanthanoid-^ARS chelates 
pH 4*0 ; Temperature 25"^ 

Chelate range of 

(m/i) absorbance stability 


Ce (III) 
Pr (III) 
Nd (III) 
Sm (III) • 
Eu (III). 
Gd (III) . 
Tb ^III) . 
Dy (ill) . 
Ho (III) . 
Er (III)- 
Tm III) - 
Yb (III) - 
Lu (III) . 


• {ARS)2 
(ARS), 

■{ARS)2 

• (ARS), 
■ (ARS), 

f ARS , 
(ARS); 
(ARS), 
(ARS) a 
(ARS)2 
(ARS), 
ARS), 
(ARS)^ 


520 

4-0 - 6-0 

520 

4-0 -5*0 

520 

4-0 - 6-0 

520 

4*0 -5*5 

530 

4-0 -5-5 

520 

4-0 - 5-5 

'530 

4-0 - 6-0 

525 

4-0 - 5-5 

530 

4-0 - 5*5 

530 

4-0 - 5-5 

530 

4-0 - 6-0 

530 

4-0 - 6-0 

530 

4-0 - 6*0 
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Fig. 2. VariatioD of colour intensity of the chelate 
with increasing molar ratio of ARS at 520 niM 

Final concentration of 

PrCls = 4-0 X 10’4M 
ARS = 4-0 X IC-iM 


Fig. 3. Adherence to Beer’s law in the 
case Yb (III)-ARS system. 

X ml YbClg+S mi (1*0 x 10-3^) 
ARS + 5 nol (0*5M) mannitol + 
(15 - x) ml HgO. 

Curve A - 2*00 x lO-^M YbCh 
Curve B - 1*00 x lO-^M YbCIo 
Curve G - 8*00 x 10-5M YbGL 
Curve D - 6*67 x 10-5M YbCl^ 


Effect of time and temperature on the colour intensity : 

Solutions containing 2*0 X 10"^M rare earths and 4*0xl0’’^M ARS were 
prepared at pH 4*0. TKeir absorbances were noted at 530 rail at room temperature 
and after an interval of 1, 2, 4 and 8 hours. It was observed that the colour 
intensity of the chelates remain constant upto 2 hours, although after that the 
precipitation takes place. The effect of temperature on the colour intensity has 
also been studied, and it has been note d that at lower temperature there is no 
appreciable change in colour intensity but at higher temperature the precipitation 
of the lake takes place. 


Fff^ ct of JiRS concentration on the colour intensity 

Different solutions containing various rare earths were prepared at pH 4*0. 
ARS was then added in different amounts from 1, 2, 3, 4, 5, 6, 7 and 8 fold in 
excess. The absorbance of these solutions were measured at 530 mjc* and it was 
found that the maximum intensity of the colour is obtained when ARS is present 
four fold excess (Fig, 2). 


Effect of added foreign ions 

Different solutions containing (2-OxlO-^M) rare earths and (4'OxlO-*M) 
ARS^ were prepared at pH 4'0 and their absorbance was measured in the presence 
of different concentration of various cations and anions. It was observed that 
catioM such as Cu (II), Fe (III), Fe (11), A1 (III), Be (II), Th (IV), Ce (HI), 
Mo{V), UOa(II), Ti(IV), In (III), Pd (II), Sc (ID), Y (III), La (III), and 
anions as citrate, tartarate, borate and oxalate interfered at all concentrations. 
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Hence for the determination of individual rare earths the elimination of these ions 
if present^ is necessary. ^ 

Adherence to Beer^s Law 

The range of concentration within which the Beer’s law is valid has been 
determined for various rare earths and the results are shown in Fig. 3 and 
Table 2. 

Sensitivity Indices The sensitivity indices of the reactions between rare earths 
and ARS were determined and the values are given in Table 2. 


table 2 


Analytical application of ARS in the determination of lanthanoids 
pH 4*0 ; Wavelength of study 530 m^t 


Metal 

ion 

(Illy 

Range for adherence 
to Beer’s law 
p.p.m. 

Range for effective 
photometric 
determination 
p.p.m. 

Sensitivity 

Index 

(Sandell) 

y/cm® 

Ce 

0-45 - 10-0 

0-60- 8-0 

0-093 

Pr 

0-45 - 10 0 

0-60- 8-0 

o-oso 

Nd 

0-46 - 10-4 

0-60- 8*0 

0-072 

Sm 

0-48 - 10-4 

0-65- 8-0 

0-100 

Eu 

0-48 - 10-9 

0-65 - 8*5 

0-100 

Gd 

0-42 - 12-8 

0 60- 11-0 

0-078 

Tb 

0-42 - 12-9 

0-60- 11-0 

0-070 

Dy 

0-44 - 11-7 

0-60 - 10-0 

0-080 

Ho 

0-45 - 20-0 

0-60 - 16'0 

0-082 

Er 

0-40 - 18-6 

0-60 - 14-5 

0-083 

Tm 

0-45 - 12-1 

0-65 - 10-0 

0 084 

Yb 

0-46 - 13-9 

0-60 -11*0 

0*086 

Lu 

0-46 - 14-0 

0-60 - 12-0 

0-086 


Recommended Procedure : A mixture containing the individual rare earths and 
aRS (four fold molar excess) is prepared at pH 4*0. 5 ml (0*5M) mannitol solu- 

tion is added and then the volume is raised to 25 ml. The absorbance of the 
mixture is now recorded at 530 mjLi' and by comparision with the standard curve 
obtained under identical conditions the concentration of unknown solution can be 
found. 
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Coloured Chelates of Rare Earths and their Analytical 
Applications, Part— VII. Composition and Stability 
of Lanthanoid-Chromotrope 2B Chelates 

Bj 

SATENDRA P. SANGAL*, SURENDRA N- SINHAt & ARUN K. DEY 
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[Received on 19th June, 1967J 

Abstracts 

The formation of pink coloured chelates of lanthanoids with GTB having 
\max between 530 m/x and 545 m/x have been studied. The composition of the 
chelates is i:l (metal : GTB) in each case. Stability constants of the chelates at 
pH 6*0 and 25^j^have also been evaluated by three difierent methods. 


^^-Nitrobenzene azochromotropic acid trivially known as Ghromotrope 2B 
(abbrv. GTB) may be represented by the following structure : 


HO OH 


NaOoS- 


-N = N— ^ ^~NOj 


'SO.Na 


The reagent has attracted some attention from the viewpoint of its chro- 
mogenic behaviour. Dey and coworkers observed that GTB form pink coloured 
chelates 'with scandium, yttrium and lanthanum and the rare earths. In view 
of the interesting chromogenic reactions of the reagent Munshi and Dey^ carried 
out a detailed study of GTB chelates of scandium and yttrium, while Sangal, 
Srivastava and Dey^ reported the characteristics ol the lanthanum chelate. Sangal 
further reported the use of this reagent in the photometric determination of 
scandium, yttrium and lanthanum^ As has been said earlier that rare earths 
also give a pink coloured chelate with GTB, therefore, Dey and coworkers under- 
took a comprehensive study of the rare earth chelates with GTB and have reported 
the analytical applications of the reagent in the microdetermination of the 
metals®. In the present paper the results on the composition, stability and other 
characteristics of the lanthanoids-GTB chetates have been communicated. 
Experimental 

Materials : The chlorides of the rare earth solutions were prepared as 
aescribed earlier . A stock solution of Ghromotrope 2B (disodium salt) was 
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brepared by dissolving a requisite amount of the comnound in j 

Ld then diluted suitably to obtain solutions of various cSncentratioS 

Apparatus : A Leeds and Northrup direct reading pH indicator and =. tt • 

SP 500 spectrophotometer as described earlier®. ^ ^ ^ Unicaro 

Conditions of study: Experiments were done at 25° and pH fi-O teenincr rh. 
total volume 25 ml in each case. It may be mentioned thL in 
„l„ ofabsorbanc, of CTB attho w, of tie chelates, it was dSSbta to S 
the observations at a wavelength more towards the red rewlnn 

Siere the difference in absortences were apprcUble. ^ 

Results and Discussion 

Absorption spectra of lanthanoid-CTB chelates 

The studies on the nature of the complexes show that in each of the systems 

only one chelate is formed under the conditions of experiment. The wavelenaib 

of maximum absorption of UTB at pH 6*0 lies at 515 m^ while that of the chelates 
of rare earths varies between 530 and 545 mju, as shown in Table 1 (Fig. 1 for Yb) 



Fig. I . Absorption spectra of Yb (IIIj-CTB chelate 
Final concentration of the reactants : 

Curve A : CTB = 8'0 x 10”SM 

Curve B ■ CTB = 8-0 x 10-®H YbCIa = 16-0 x I0-®M 

Curve C : CTB = 8-0 x lO-^M YbCls = 8-0 X 10-6M 

Curve D : CTB = 8’0 x lO-^M YbCls = 4‘0 x lO-^M 
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Absorption, spectra of lanthanoid-CTB chelates at various pH 

Mixtures of rare earths and CPB (8*0 x each) were prepared and 
their absorbances were measured at different pH values^ from 400 at 700 m 
The wavelength maxima thus obtained in each case were plotted against pH and^ 
the range of pH within which the \max remains constant was determined Th’ 
pH range was considered to be the range within which the chelates are stable n !! 
are shown in Table L 

Stoichiometry of the Components 

Three different methods were applied for determining the stoichiomet 
the chelates. The methods used are [i) method of continuous variations 
mole ratio method, and [Hi] the slope ratio method. In all the three meth d 
measurements were done at 580 and 600 m/x using solutions of various car\renfrJ 
tions^ The results show that 1 : 1 (Metal : GTB) chelates were formpH in 
case (Fig. 2, 3 for Yb). 



Fig. 2. 


composition of 

Yb (IlIJ-CrB chelates using mole 
ratio roetbod. 


Final concentration GTB 
Curve A = 1*00 x 10*^M 
Curve B = 6*67 X 10-5M 



3. Determination of the composition of 
Yb {ITI)-GTB chelates by the slope 
ratio method at pH 6*0, 

Curve AG 580 mix 
Curve BD 600 mfx 
Curve AB CTB in excess, YbClg 
varying 

Curve CD YbClg in excess, GTB 
varying 

10 ml (4*00 X excess com- 

ponent a; ml {T33 x 10-41^1) 
variabi component -t- (15-r)m] 
HaO. 
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t^BLE I 

Characteristics of the lanthanoid--CTB chelates 


Chelate 

^max 

mM 

pH range of 
stability 

Composition 

M ; CTB 

Ge (III) -CTB 

540 

5-5 - 7-5 

1 : 1 

Pr (III) -GTB 

535 

5-5 - 7-5 

1 : 1 

Nd (III) - CTB 

540 

5-0 - 8-2 

1 : 1 

Sm (III) - GTB 

530 

5-0 - 7-5 

1 : 1 

Eu (III) -GTB 

530 

40 -7-5 

1 : 1 

Gd (III) -CTB 

530 

• 5-5 - 7-5 

1 : 1 

lb (III) -GTB 

540 

5-0 - 8-0 

1 : 1 

Dy (III ) - GTB 

535 

50 -8-0 

1 : 1 

Ho (III) -GTB 

545 

5-5-7 4 

1 : 1 

Er (III) -GTB 

540 

5-6 -7-0 

1 : 1 _ 

Tm (III) - GTB 

540 

5-0 -7*5 

1 : 1 

Yb (III) -CTB 

540 

5-0 - 7'5 

1:1 

Lu (III) -CTB 

540 

5-0 - 7-5 

.1 : 1 


Structure of the CTB chelates of rare earths 

It may be of interest to make some suggestions on the position of the chelate 
ring in the metal chelates formed between GTB and the lanthanoids. The chelates 
are anionic in nature as has been noted from electrophoretic experim ents and 
also by the complete adsorption by ion exchange resin Amberlite IR-45 (OH). 
It is, therefore likely that chelation occurs between the two oxygens in the 1 and 8 
positions as shown below. 


M 


/ \ 


O O 





N' 



(M stands for rare earths) 

Siahiliiy constants : The stability constants of the various chelates of the 
lanthanoids have been calculated by three methods (a) method of Dey et aL 
[b) method of continuous variations, (^) mole ratio method. The values of log K ai 
pH 6’0 and 25°G are given in Table 2* 
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table 2 

Stability constants of lanthanoid-CTB chelates 
pH 6*0 I - Temperature 25°G 


Metal 

chelate 

{a) 

log K by the methods 
{b) 

ic) 

Ce (nT)-GTB 

4-5 ± 0-2 

4*4 ± 0*2 

4'8 ± OT ~~ 

Pr (III)-CTB 

4-8 ± 0-2 

4*7 ±0-2 

4-9 ± 0-1 

Nd (III)-CTB 

4-8 ± 0-2 

5*0 ± 0*2 

5*2 ± 0*2 

Sm (III)-GTB 

4-6 ± OT 

4*7 ± 0*2 

4*8 ± 0*1 

Eu (III) - GTB 

5-0 ± 0-2 

5-0 ± 0*2 

5*2 ± 0*5 

Gd (III) - GTB 

4-5 ± 0-1 

4-4 ± 0*1 

4-7 ±0*1 

Tb (III) - GTB 

4*6 8*3 

4*5 ±0*1 

4*5 ± 0*2 

Dy (III) -GTB 

4*8 ± 0*4 

4*7 ± 0*2 

4*5 ± 0*2 

Ho (III) -GTB 

4*7 ± 0*4 

4*6 ± 0*2 

4*8 ± 0*2 

Er (III) - GTB 

4*9 ± 0*3 

4*8 ± 0*2 

4*8 ±0*1 

Tm (III) -GTB 

4*7 ± 0*3 

5*0 ± 0*2 

4*9 ± 0*2 

Yb (III) -GTB 

4*3 ± 0*2 

5*2 ± 0*4 

5*3 ± 0*2 

Lu (III) -GTB 

5-2 ±0*2 

5-6 ± 0*2 

5*3 ± 0*1 
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Effect of soil and foliar application of urea on yield 
and quality of wheat 

By 

P. C. BHOWMIK JAGDISHSETH* 

Soil fertility is the capacity of soil to provide nutrients in adequate amounts 
and in proper balance for plant growth. The presence of large quantities of nutrients 
in a particular soil does not necessarily mean the high productivity of that soil. 
These nutrients may not be available to plants due to various factors such as 
physical condition of the soil, soil pH, limited soil moisture content etc. 

Application of fertilizers through foliage has recently proved to be the most 
efficient method of supplying nutrients to plants both abroad (Finney et al, 1957 ; 

1957 and Wittwer, et aL^ 1963) and in India (Koraddi and Seth, 1964 and 
Seth and Prasad, 1965). 

Mexican wheats which have been introduced to our country recently, require 
heavy doses of nitrogenous fertilizers. Unfortunately production of nitrogenous 
fertilizers in our country is very low and is not able to meet the requirements of 
crop growers. Foliar fertilization of crops, therefore, has gieat promise in India. 

In order to study the possibility of economising in the use of nitrogenous 
fertilizers on Mexican wheats, a field trial was laid out at the Agronomy Division 
Farm, Indian Agricultural Research Institute, New Delhi during the Rabi season 
1965.66. 

Materials and Methods 

The soil of the field was sandy loam of the alluvium type and was of mediuni 
fertility. The total nitrogen was 1791 kg/ha, available phosphorus was 35 kg/ha, 
and the pH of the soil was 7*5. 

Soil application of nitrogen, phosphorus, and potassium in the forms of urea, 
single superphosphate and muriate of potash, respectively was done at the time of 
sawing of wheat crop. A basal dressing of 50 kg each of phosphorus and potassium 
per hectare was given to each plot. There were three doses of nitrogen applied 
in soil as well as through foliar spray viz. 50, 100 and 150 kg per hectare. Urea 
was applied through foliar spray on wheat starting fiom 47 days after sowing at 
jointing and booting stages and also midway between these two stages. The interval 
between three and two sprays was 7 and 13 days respectively. The concentration 
of the urea solution was prepared at three percent. 

Wheat variety Sonora 63, a semU dwarf wheat introduc-d from Mexico was 
Sown on November 5, 1965 and harvested on April 5, 1966. The experiment was 
laid out in a randomized block design with four replications and ten treatments. 
The plot size was 10 mx5 m. 


^Former graduate student and Agronomist, Division of Agronomy, Indian Agricultural 
Research Institute, New Delhi. 
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Experimental Resalts : 

Yield iB&ta given in Table 1 show that there was a significant influence d 
nitrogen on yield of wheat grain. There wa' also a significant effect of different 
rates of nitrogen on yield of wheat. Complete soil application or half soil pk, 
half foliar application of nitrogen at 100 kg per hectare resulted in additional 
yields of 6-7 or ITO quintals of wheat grain respectively when compared with 
50 kg of nitrogen per hectare applied in soil or with 50 kg of nitrogen per hectare 
applied half in soil and the other half on foliage in two or three equal sprays. 


TABLE 1. 


Yield, response per kg of nitrogen, length of earhead, thousand grain weight, grain 
protein % , phosphorus % and protei n in Q,j/ia of wheat as affected by nitrogen apblicatm. 


Kg N/ha Soil 

Spray Yield 
Q/lia 

Re .pouse 
in kg/kg/ 
N 

Length of Thousand 
earhead grain 

cm weight 

gni. 

Grain 

Protein Phos- 
% pho- 

rus % 

Pro- 

tein 

Qjba 

50 

lull 

— 27-9 

22-0 

8-57 

38-74 

9-52 

0-82 

2-6 

100 

Full 

— 34-6 

177 

9-25 

39-45 

11-00 

0-86 

3*8 

150 

Full 

— 37-8 

13-9 

9-40 

40-98 

11-74 

0-87 

4*4 

50 

i 

i Two 28 '3 

22-8 

9-20 

39-08 

10-13 

0-88 

2*9 

50 

i 

4 Three 297 

25-6 

8-92 

39-85 

10-15 

0-86 

3*0 

100 

i 

4 Two 39‘3 

22-4 

9-63 

40-49 

11-97 

0-98 

4*7 

100 

i 

4 Three 407 

23-8 

10-32 

40-40 

12-27 

0-97 

5*0 

150 

i 

4 Two 37-2 

13-5 

9-63 

40-30 

12-15 

0-97 

4*5 

150 

i 

4 Three 35‘5 

12-4 

9-93 

39-97 

12-34 

0-97 

4*4 

Control (No nitrogen) 16*9 


6-27 

37-30 

8-94 

0-75 

1*5 

s. 

Etn. 

±1-2 


iO-29 

±0-40 

±0-30 

nO-03 


L, 

S. D. at 5"/(, 3-5 


0 84 

1-16 

0-87 

0-09 



u If -^ro^ation of 100 kg of nitrogen per hectare half in soil and the other 
/u * three equal sprays resulted in a significant increase in grain yield 

(by bT quintals per hettare) when compared with the same dose of nitrogen 
applied completely m soil at sowing time. There were no significant differencn 
between three and two foliar sprays of urea on wheat. In fact three foliar sprays 
f fen s^’gittly higher yields than two sprays at all the doses except at 
tbe dose of 150 kg of nitrogen per hectare. Application of urea at 150 ig d 
m rogen per hectare half in soil and half through foliage resulted in a reduction in 
e yie d oi wheat when compared with soil application at the same dose. 

shnwrPtr J?'' f wheat grain produced per kg of nitrogen added, are 
£ sod ^ of nitrogen per hectare applied half 

il and the other half on foliage in three foliar sprays resulted in a maximuH 
Sn Sram i. e. 25-6 kg per kg of nitrogen added. However, soil 

and 7 7 1 ? at 150 kg per hectare and 100 kg/ha resulted in only 13‘9 

and 17-7 kg of gram per kg of nitrogen added. 
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Length of earhead : Data given in Table 1 indicate that there was a significant 
effect of nitrogen application on length of earhead, A maximum length of 10*32 
cm of wheat earhead was produced with the application of 100 kg of nitrogen per 
h^'ctare half applied in soil and the other half on foliage in three equal sprays. 
This length of earhead was ^ *05 cm more than the length observed in case where 
nitrogen was not added. Foliar application of nitrogen (three sprays) in addition 
to soil application (100 kg N/hectare) resulted in significantly longer earhead than 
produced with complete soil application of 100 kg of nitrogen per hectare or with 
150 kg of nitrogen per hectare. Iherewereno appreciable differences in lengths 
of earheads obtained due to two or three foliar sprays. 


Thousand grain weight : Data on one thousand grain weight of wheat arc 
shown in Table 1. There was a marked influence of nitrogen application on c>nc 
thousand grain weight of wheat. Application of nitrogen in soil at 100 kg per 
hectare did not result in significant increase in one thousand grain weight when 
compared with 50 kg of nitrogen per hectare, but when the dose of nitrogen was 
further increased to 150 kg, there was a significant increase in one thousand grain 
weight. There was a slight increase in thousand grain weight due to foEar 
application of nitrogen (three sprays) in combination with soil application at 100 
kg per hectare when compart d with 50 kg of nitrogen applied in a similar way, 
but when the dose was increased to 150 kg of nitrogen, there was deedine 
in one thousand grain weight. Application of 100 kg of nitrogen half in soil 
and the other half on foliage in three equal sprays resulted in greater, but 
not significantly, one thousand grain weight than produced with the same dose 
of nitrogen applied in soil. There were no appreciable differences between 
two and three foliar sprays. 


Protein percentage of grain : Data on protein percentage of wheat gram shown 
in Table 1 indicate that there was a significant effect of nitrogen on protdn per- 
centage of wheat grain for all the methods of application. There was a significant 
increase in protein percentage of wheat grain with 100 kg. of nitrogen per hectare 
half applied in soil and the other half on foliage when compared with lower dose 
i.e. 50 kg per hectare, but there was no appreciable increase in protein percpitage 
of wheat grain with a high dose of nitrogen 150 kg per hectare. Application 
of nitrogen at 100 kg per hectare half in soil and the other half on foliage (three 
foliar sprays) resulted in a significant increase in protein percentage^y 1 *27®/^ ) 
when compared with the same dose of nitrogen applied in soil, protein 

percentage of 12*27 obtained with 100 kg of nitrogen per hectare apphed half m 
soil and the other half on foliage in three equal sprats was 3*33 % higher than that 
obtained in case where nitrogen was not added to the crop. There were no 
significant differences between two and three foliar sprays of nitrogen with regard 
to protein percentage of wheat grain. 


Grain protein production : The quantity of grain protein produced per hectare 
was calculated and its data are given in Table 1. These data show that appli- 
cation of nitrogen at 100 kg per hectare half in soil and the other half on lolmge m 
three equal sprays resulted in the production of maximum quantity ol gr^ 
protein i,e, 5*0 quintals per hectare. This was considerably more , ^ 

Wntity of protein produced by applying 100 or 150 kg of nitrogen per hectare 
in soil. Although the maximum wheat protein percentage of 12-34 was obtained 

with the application of nitrogen at 150 kg per hectare half m sod and the oth^ 

half on foliage in three sprays, yet the total protein produced per hectare was short 
of maximum with this treatment 
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' Phosphorus percentage of grain : Data given in Table 1 show that there was a 
great influence of nitrogen application on phosphorus content of wheat grain 
Higher doses of nitrogen through foliar spray resulted in greater phosphorus 
content of wheat grain. Application of nitrogen at 100 kg per hectare half applied 

in soil and the other half on foliage (three equal sprays) resulted in significant 

increases (Odl % andO’IOl/a respectively) in phosphorus percentages of wheat gram 
when compared with the same dose of nitrogen or with higher dose of nitrogen t « 

1 50 kg per hectare applied in soil. The phosphorus percentage of wheat grain was 
0-97 with 100 kg of nitrogen per hectare applied half in soil and the other half on 
foliage in three equal sprays and this was 0’22% more than that obtained with the 
treatment where nitrogen was not applied. There were no appreciable differences 
between two and three foliar sprays of nitrogen with regard to phosphorus content 
of wheat grain. 

Discussion 

» Foliar sprays of urea in addition to an equal quantity of the fertilizer added 
in soil at sowing time at 100 kg nitrogen per hectare to wheat crop resulted in 
considerable increases (14 1 '4% or 17*8''*q)in wheat yields when compared with 
the control plot or with the treatment where the same quantity of fertilizer was 
applied in soil This is in confirmity with the findings of Thorne, 1957 : Finney 
Iff 1957 ; Vainatheyn, 1962 ; and Seth and Prasad, 1965. 

^ The increase in grain yield due to foliar spray of urea in addition to its soil 
application might be due to more efficient utilization of nitrogen by the wheat plant 
through this method. This is evidenced by the fact that foliar spray resulted in 
a greater production of wheat grain per kg. of nitrogen added half in soil and^ the 
other half on foliage than when nitrogen was added completely in soil The higher 
efficiency of foliar applied nitrogen has also been reported by Vainatheyn (1962) 
in wheat, and Seth and Prasad (1965) in barley. There was also a clear indica- 
tion of the fact that utilization of nitrogen by wheat plant was greater at lower 
doses than at higher ones either when applied in soil or when applied on foliage. 
This was also observed by Vainatheyn, 1962 and Seth and Prasad, 1965. 

The longer earhead and greater weight per thousand grains due to foliar 
spray of urea resulted in higher wheat yields. Increase in the dose of nitrogen 
from 100 to 150 kg. per hectare when applied both in soil and on foliage resulted 
in a decrease in the yield of wheat. This deci-ease in yield might be due to the 
application of a higher than optimum dose of nitrogen to wheat crop. 

The fact that application- of urea at 100 kg. nitrogen per hectare half in 
soil and the other half on foliage resulted in about 3 quintals more of wheat 
grain than at 150 kg. oi nitrogen all applied in soil at sowing lime, clearly shows 
the superiority of foliar feeding of nutrients. There is a great possibility of 
increasing the yields of Mexican wheat varieties and at the same time economising 
in the use of fertilizers by adopting foliar fertilization method. 

In these studies it was also observed that the quality of wheat gram with 
•respect to protein content considerably improved due to nitrogen application. 
Other workers like, Seth al^ 1960 ; Seth, 1963 • and Seth and Prasad, .1965 have 
also found improvement, in protein content of wheat and other cereal grains due 
to foliar spray of nitrogen. Moreover, the total quantity of protein per hectare, 
tionsiderably increased (5‘0 quintals per hectare) due to foliar application of urea 
at -100 kg. nitrogen per hectare in three equal sprays when compared with complete 
Soil application of urea at the same dose in which case it. was only 3 '8 ..quints 
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{>erhectere. This was due to the fact that foliar 
yields and greater protein content of wheat grain. 


spray resulted in both higher 


Similarly, there was also a marked imnrovement in tlip 
of wheat grain due to the foliar application o^f meT tSs £ i^ c fcir * 
the results of Grechukhina and Timofeeva, 1961 who obtained high 
content ofwheat grain with foliar spray of nitrogen. S^ltefs 
application resulted m iiicrea^sed phosphorus coSent of wheat grain TWr“ 
in accord With Shimagami and Kushizaki, 1962. 


IS 


Foliar spray in these studies provided a more rapid utilization of nutrient 
by fast growing wheat variety which was also a heavy feeder of mtroTn Si 
cons^uently the yields of wheat increased considerably with less quantity of Ae 


Summary 


A study was conducted to evaluate the relative efficiency of soil and foliar 
application of urea on yield and quality of wheat. The experiment was laid out 
in a randomised block design with 10 treatments replicated four times Phosnhorus 
and potassium applied at the rate of 50 kg. per hectare as basal dressings. 
Nitrogen at_ rates of 50, 100 and 150 kg. per hectare was applied half in sod at 4e 
time of sowing and the other half on foliagd. The foliar sprays were made in two 
and three equal instalments. From the results of this study it was concluded • 


of urea at 100 kg. nitrogen per hectare half in soil and the 
other half on foliage in three . equal instalments resulted in greater grain yield 
length of earhead and one thousand grain weight than the same ’ dose of nitroeen 
applied in soil. ® 


2. There were no significant differences between two and three foliar sprays 
of urea. ^ ^ 


3. The efficiency of nitrogen utilization by wheat plant was greater at 
lower doses than at higher ones. 

phosphorus contents of wheat grain were considerably 
increased du^ to foliar spray of nitrogen and also due to increased levels of 
nitrogen application. 

5. The quantity of grain protein per unit area was more due to foliar spray 
of urea than due to soil application method. 
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Studies on the recovery of fertilizer nitrogen by Oats 
as affected by nitrogen fertilization levels and 
Soil Moisture Supply^ 

^ By 

M. G. SAXENA® & H. MARSCHNER^ 

^troduction 

The immediate value in plant growth of a nutrient added to the soil depends 
^ the first place on the extent to which it has been taken up by plants. Studies 
OH the recovery of the applied nutrient by plants are therefore of obvious 
^portance. The utilization of a nutrient from a fertilizer source has often been 
determined by subtracting the amount of that nutrient in unfertilized plants from 
that in the fertilized ones. This, the 'diffe rence method’, has drawbacks that ou 
one hand the plants grown under the condition of deficient nutrient supply arc 
compared with those amply supplied with that nutrient and on the other hand the 
effect of the applied fertilizer on the availability of that nutrient already present in 
soil is not taken care of. Use of a labelled source, however—be the label a radio- 
active or a stable isotope— offers the possibility that through the application of the 
principle of isotopic dilution the simultaneous contribution of two sources of a 
nutrient be determined without above limitaiions. Although this 'isotopic method’ 
has also its own shortcomings panicularly due to isotopic exchange reactions and 
fixation (Michael and Machold 1957, Russell et al^ 1954, Scheffer and Ulrich 
i958i its results are usually more reliable than those of the difference method 
(Michael and Machold 1957). 

Utilization of fertilizer nitrogen by plants has been investigated by using the 
stable isotope 15 N. Mojt of such studies have shown that the recovery of fertilizer 
nitrogen by the main crop is rather low (Bartholomew etal, 1950, MacVicar et al^ 
I 95 U, Turtschin et al^ 1960, Viet> 1960). Ihis paper reports the results of an 
experiment which was conducted to study the utilization of fertilizer nitrogen 
through oats [Avena saliva) as affected by the nitrog n fertilization levels and the 
Ml moisture supply. The experiment also aimed at studying how^ the difference 
method would compare with the isotopic method in determining the nitrogen 
recovery under the conditions of above variables. 

I^thods and Materials 

— The experinient consisted of a pot-culture of oats in 2 litre beakers having a 
mixture of 0*75 kg fine quartz-sand and 1 kg of a loam soil. The soil was ffom 
northern Blackforests (W. Germany) containing 0*239 % total nitrogen, 0*0^3% 
lactate soluble Pj^Og and 0*026% lactate soluble K^O and showing a pH va’ue of 


1, A coDtribution from the institute of Plant Nutrition and Soil Biology, Agricultural 
U^uversity. Stuttgart Hohenheim, W. Germany. (Direc or *^rof. G. Michaelj. 

2. Associate Professor of Agronomy. U. P. A. U.. Pantnagar, Distt. Nainital. 

" 3, Piofessor, Institute of Plant Nutrition, West Berlin. 
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6'0 and a moisture content of 22'7% at 0‘3 atm and 9*8% at 15 atm tensions on 
the dry weight basis. In a factorial design, all combinations of three levels of 
nitrogen, N„, Nao, (U, 0, 150 and 300 mg nitrogen per pot), and two moisture 
regimes, ‘moist’ and ‘dry’, (corresponding to irrigation when respectively 50% and 
80% of the available water were exhausted) were tried. Each pot received an 
uniform supply of 00 mg PaCg (as finely powdered GaHPO* mixed with dried 
soil and 250 mg K^O (as KaSO^ in no nitrogen pots and as KNO, in the rest) 
The balance of nitrogen, as necessitated by the treatments, was supplied t^oudi 
Ca(N03)n 4H.,0. To label the fertilizer nitrogen, 20 % of the total amount was 
supplied through a KNO3 salt containing 95-7 percent excess 15N. The salts 
supplying nitrogen and potassium were mixed with the soil as solutions before 
planting. I'he pots, initially planted with 15 seeds of oats (var. Garsten’s Phonix) 
&ially carried 12 plants each. The experiment was terminated 70 days after 
sowing (t.e., 45 days after the onset of moisture regime treatments) by hanrcstine 
the whole shoots, which were immediately dissected into leaf, stem and ear, freeze, 
dried, weighed and prepared for analysis. The conti nt of total nitrogen in tie 
dried plant material was determined by micro Kjeldahl procedure and the nitrogen 
thus obtained in ammonium form was converted into Na gas Rittenberg tubes^a* 
described by Peach and Tracey (1956) for ]5N-assay. From the arc-emission- 
spectrograph of this gas, the frequency of 15N in the total nitrogen was calcula ted ' 
by comparing the optical densities of 28Na and 291^^ lines (corresponding to 
3159 A and 3162 A, respectively) as described by Schumacher (1965), Percent 
recovery of fertilizer nitrogen by isotopic method (R*-) and by difference method 
( R^) were calculated as follows ; 

frequency of 15N in plant nitro gen 

“ frequency of 15N in fertilizer nitrogen ^ 

r nitrogen-uptake by I _ I nitrogen-uptake by 
fertilized plants J [^unfertilized plants 

~ nitrogen added to the soil as fertilizer 

Experimental Findings 

The main efifects of the levels of nitrogen and moisture regimes as well as 
their combinations on the dry matter yield, total nitrogen uptake and utilization 
of fertilizer nitrogen have been summarised in the Table, 

The mean effect of nitrogen fertilization on the dry matter yield was not 
significant. The yield was markedly low at ‘dry’ regime as compared to ‘moist’ 
one. Increasing rates of nitrogen fertilization resulted in decreasing yield 
increments at ‘moist’ regime whereas at ‘dry’ moisture regime nitrogen fertilization 
caused reduction in yield as compared to no nitrogen control. 

Total nitrogen uptake increased as the nitrogen supply was increased, the 
rise due to the first doSe (i.e., Nj^o) being higher than due to the second one {«.«., 
Nsoo). At ‘dry’ regime the total uptake was considerably lesser than at the ‘moist’; 
however, this effect of soil moisture regime was not as marked as its effect on 
diy matter production. 

Whereas the absolute amount of fertilizer nitrogen recovered by plants 
increased as the fertilization rate was raised, the per cent recovery of applied 
nitrogen decreased. The recovery was conspicuously low at ‘dry’ moisture regime. 
A ccmpaiison of recovery data as worked out by isotopic method withffiose 
determined by difference method reveals that the latter method underesthnated 


X 100 
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tiie recovery values. The magnitude of tliis underestimation was greater at tighei 
fertilizer dose in comparison to the lower one and at ‘dry’ regime as compared to 
taoist’ regime. 

TABLE 

Efict of levels of nitrogen and moisture on the dry matter production, total nitrogen 
removal and recovery of fertilizer nitrogen by oats shoots 


Treatments 

f 


Dry 

matter Total N 
yield removed 
g/pot mg/pot 


Per cent 
N Derived 
from 
fertilizer 
(isotopic 
method) 


N (mg/pot) removed 
from the fertilizer as 
estimated by 


Jsotooic 

method 


Diflfcrence 


Per cent recovery of 
fertilizer nitr«»gcnas 
caumated by hfa 
I so to Die Di ffcrencc 
method method 
(«) ih 


Levels of N (averaged over moisture regimes) : 


No nitrogen 

9-4 

145-6 

- 

— 





150 mgN/pot 

9-7 

193-1 

35-3 

68-7 

47-6 

45*8 

31-7 

0*69 

300 mgN/pot 

9-7 

209-1 

480 

101-0 

63-5 

33-7 

2M 

0-62 

L. S. D. 5% 

Moisture regimes (averaged 

7*1 1-3 6*7 

over levels of nitrogen) : 

8-8 

3-1 

3-8 

Moist 

11-9 

209-6 

43-2 

104-2 

88-8 

48-6 

42-1 

0-86 

Iky 

7-3 

155-5 

40-1 

65-5 

22-2 

30-8 

10-7 

0-34 

L.S.D. 5% 0-5 

Moisture regime X nitrogen 

6-6 
levels : 

1-3 

6-7 

8-8 

3-1 

3-8 

Moist, no nitrogen 

11-2 

150-4 

- 

- 

— 

— 


_ 

„ 150 mgN/pot 

12-2 

225-7 

36-9 

83*4 

75-3 

55-6 

50-2 

0-91 

„ 300 mgN/pot 

12-3 

252-7 

49-4 

124-9 

102-3 

41-6 

34-1 

0-82 

Dry, no nitrogen 

7:5 

140-8 


- 

— 


— 


„ 150 mg N/pot 

7-2 

160-6 

33-5 

53-9 

19-8 

35-6 

13-2 

0-37 

,, 300 mgN/pot 

7*1 

165-8 

46 6 

77-1 

24-6 

25-7 

8-2 

0-32 

LS. D.5% 

0-9 

11-5 

« 

9-4 

12-4 

« 

5-4 


♦Not significant 


Ditenssion 

A lack of substantial growth response of plants to nitrogen fertilization could 
be attributed to the presence of appropriate amount of nitrogen in the soil. Due 
to the luxury consumption of available nitrogen, the amount of total nitiogen 
taken up by plants increased as the level of nitrogen fertilization was raised in spite 
of little increase in the dry matter production. .The values for the per cent recovery 
of fertilizer nitrogen, as determined by difference method or isotopically, fall with 
in the range of those reported by others. The percentage of appli^ nitrogen 
recovered by plants decreased as the level of nitrogen fertilization was raised. 
Most probably the limiting effect of some other growth factors became accentuated 
at the higher level of nitrogen fertilization so that increased amount of available 
nitrc^en could not be utilized by the plants proportionate to its supply. Very low 
recovery values for ^dry’ moisture regime were primarily due to highly restricted 
growth resulting from the insufiicient moisture supply for plants at this regime. 
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f he two methods of calculating recovery of fertilizer nitrogen gave vahw 
which differed considerably from each other Although the nitrogen utilization 
jSues as worked out by isotopic method could also be lower than the actual one? 
because of microbial immobilization of fertilizer nitrogen and accelerated mineraB. 
Son nfsoil nitrogen upon the addition of fertilizer in the soil, these values are 
sation e> eban these yielded by difference method as after all ‘the label in the 

(Michael and Machold 195?^! 
The isotopic method can, therefore, be taken as a standard for comparison. The 
most conspicuous fact that emerged out of this comparison is that the difference 
Method very much underestimated the values for fertilizer utilisation particularly 
?nder the condiuons of lower moisture supply. Under ‘dry moisture regime the re- 
rnverv values for fertilizer nitrogen t stimated by difference method were almostone 
fbirH of that bv isotopic method. This discrepancy seems to arise due to the basic 
Slplto SSich the difference method works. Hete it i, assumed dta, the 
Lount of soil nitrogen taken up by plants would be same both m the presence ^ 

111 Cl Q in tTip absence of a nitrogen fertilizer. The validity of this assumption is 
naturally Hmited, as is evident from several works (Behrens 1 955, Kurtz eUl, 1P61. 
Michael and Machold 1957). This assumption could perhaps hold under such 

situation when with increasing rates of nitrogen feriilization a linear increase in 
the total nitrogen uptake occuned proportionate to the mcreased total nitrogen 
<u™lv in the soil If such an increase were not to occur, the assumption would be 
Sid because in the presence oi fertilizer nitrogen, then, a relatively si^Uer 
amount of soil nitrogi n would be taken up by plants, as logically the plants should 
cover their nitrogen needs from soil and fertilizer sources proportionate to the 
amount of the available nitrogdi present in each ol these sources. The result 
^uld be that while calculating the recovery by difference method a value for soil 
nitron, n bigger than the actual one would be subtracted from the total rntrogeu 
and lonsecmently a lower value for recovery of fertilizer nitrogen would, _be 
obtained - The results of present experiment could serve as an example supporting 
this contention. In this study, as the level of nitrogen fertilization was raised, the 
total nitrogen uptake did not increase linearly but at a diminishing rate and the 
marginal-cerements were particularly smaller under the ‘dry’ regime as compared 
to ‘moist one’. The values for fertilizer nitrogen utilization as determm^by 
difference method were, therefore, lower in comparison to isotopic method^ 
the magnitude of the deficit was particularly greater at drier moisture regime and 
higher level of nitrogen fertilization. It is probable that under ‘dry moisture 
regime conditions, as the level of nitrogen fertilization was raised, the root growth 
was adversely affected, inconsequent of which the root system of fertilized 
could not take up as much soil nitrogen as that of the unfertilized control ; hence, 
while calculating nitrogen utilization by difference method a much bigger amomt 
for soil nitrogen was deducted than the actual one, and the recovery values worked 
out to be very low. 

Snmniary 

In a pot culture experiment with oats recovery of fertilizer 

affected by the levels of nitrogen fertilmation (i.e., “ 

nitrate per kg soil) and moisture regime (t.«., ‘Dry and „ 

ponding respectively to giving irrigation when 80% and 50% 

moistufe were exhausted) was studied using fertilizer nitrogen lulled with 5 n 

The recovery, ranging from 25-7 % to 55-6%, was decreased due to in re , ^ 
of nitrogen fertilization and due to drier moisture regime. 4?. f w* 

method the difference method of determining nutrient utilization yielded low. 
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^aues which ranged from 8-2% to 50-2% depending on level of nitrogen fertiifeal 
tion and moisture supply. The underestimation of the recovery® values^s 
I^icularly greater m magnitude at higher level of nitrogen fertilization Tnd 
‘drier’ moisture regime. The possible reasons for such behaviour are discuLed 
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Effect of Algae oa the solubilization of sparingly 
soluble phosphates 

By 

N- R. DHAR & A. p. KHERA 

Sheila Dhar Institute of Soil Science^ University of Allahabad^ Allahabad 

The quantitative importance of blue-green algae as nitrogen fixers is fairly 
well established and in certain tropical soils nitrogen fixation by blue-green algae 
can undoubtedly make a major contribution to soil fertility. The idea, however 
that algae liberate extracellular products is not unfamiliar. In 1 908, Putter ( 1 j 
Suggested that algae liberate, directly into surrounding water, a large proportion 
of the materials, produced in photosynthesis. The extracellular products of algae 
as complex forming substances are of much importance. Many organic substances 
including acids, amino acids and polypeptides, possess the property of complexing 
or chelating inorganic or organic ions and thus considerably modifying their 
properties (2). The chelating properties have been best demonstrated for the 
extracellular polypeptides of Anabaena (3). 

In the present paper an attempt has been made to find the effect of algal 
growth and their extracellular products on solublization of various sparingly 
soluble phosphates. The effect of two blue-green algae viz. Anabaena neviculoides 
and tolypothrix tenuis and a green algae chlorella vulgaris on the phosphatic 
materials has been investigated. 


Phosphatic source 

Abbreviation used 

%P*Og 

Tata Basic slag 

TBS 

7*786 

German Basic slag 

GBS 

17*401 

Kulti Basic slag 

KBS 

3*467 

Durgapur Basic slag 

DBS 

3*766 

Tricalcuim phosphate 

Ga^CPOJa 

45-8 

Aluminium phosphate 

AIPO4 

50*7 

Ferric phosphate 

FePO* 

37-95 

Esperimental 

The study consist of two parts : 



1. Solution ; Different phosphates at the rate of OT % 

P.Os were added to 

300 nu comcal flasks containing 150 
composition. 

ml of culture media of the following 


Medium for Anabaena and Tolypothrix Medium for chlorella 

(Amount per litre) 


KNO, 

0-2 gm 

Nil 

NH^NOg 

Nil 

0-2 gm. 

KjHPOg 


0-2 gm. 

MgS04-7Hj,0 


0-2 gm. 

CaCL 


OT gm. 

FcCHa (1%) 

2 drops 

2 drops 
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The flasks were plugged with cotton and the whole assemblage was stertH «.1 

A few cells of algae were inoculated and it was exposed to 100 watt bulb 
priod «n00 days After .he required period, .he L.erial w^Tfiteid trXS 
Gooch crucible and the flnal volume raised to 250 ml. The filterate was anals3 
for its P O content clorimetrically (Hydroquinon -Sod. Sulphite method). ^ 

2 . Soil: 2pOgms (passed through 60 mesh sieve) of Alluvial Sandy-loam 
soil from the village Nagma, Hariana (Total pH 7-6) was thoroughlv mixed 
wish different phosphatic materials (O'l % P^Os), inoculated and incubated 
in bottles at room temperature under a 100 watt electric bulb. 40 moisture 
was maintained fbr 85 days and then for 15 days the moisture content of the 
soil' was allowed - to evaporate at room temperature. 100 days the soil was air 
dried in enamelled dishes. It was analysed for its PjO. content by the method 
described by Arrhenius (4). 


ftemilts and Discussion 


The results of the experiment have been summarized in the following table. 



Treatment 

Culture media Soil 

% PjOs 

. % . (2 % 
Difference citric acid 
from soluble) 

control 

. % 

Difference 

from 

control 

1 . 

TBS 

2-001 

_ 

0-0672 


2. 

TjBS + Chlorella 

3-334 

1-333 

0-0724 

0-0054 

3. 

TBS + Anabaena 

3-933 

1-932 

0-0704 

0-0032 

4. 

TBS + Tolypotbrix 

4-172 

2-171 

0-0762 

0-0090 

5. 

GBS 

4-767 

- 

0-0707 


6. 

GBS + Chlorella 

4-703 

-0-064 

0-0645 

-0-0066 

7. 

GBS 4* Anabaena 

4-535 

- 0*232 

0-0641 

-0-0062 

8. 

GBS 4 - Tolypotbrix 

4-465 

-0-302 

0-0652 

-00055 

9. 

KBS 

1-102 

- 

0-0402 


10. 

KBS + Chlorella 

2-0^8 

0-996 

0*0415 

0-0013 

11. 

KBS 4 Anabaena 

1-803 

0-701 

0-0418 

0-0016 

12. 

KBS 4 Tolypotbrix 

2-031 

0-929 

0-0424 

0-0022 

13. 

DBS 

1-503 

- 

0-0569 


14. 

DBS + Chlorella 

1-566 

0-063 

0-0582 

0-0013 

15- 

DBS 4 Anabaena 

2-358 

0-855 

0-0604 

0-0035 

16. 

DBS 4- Tolypotbrix 

1-903 

0-400 

0-0614 

0-0045 

17. 


5-133 

- 

0-0669 

— 

18. 

Ga3(PO^)24 Ghloiella 

2-402 

0-569 

0-0698 

0-0029 

19. 

GaofPO^^A 4'^^^ba^ na 

3-200 

1-067 

0-0708 

0-0039 

20. 

Ga 3 (POa)j 4 “ Tolypotbrix 3*733 

1-600 ■ 

0-0727 

0-0058 

21. 

AlPO* 

1-766 

- 

0-0397 

— 

22. 

AIPO 4 + Chlorella 

1-834 

0-068 

0-0415 

0-0018 

23. 

AIPO 4 + Anabaena 

2-031 

0-265 

0-0421 

00024 

24. 

AIPO 4 4 Tolypotbrix 

2-137 

0-371 

C-0422 

0-0025 

25. 

FePOi 

1-638 

- 

0-0321 

— 

26. 

FeP 04 4 - Chlorella 

1-332 

-0-306 

0-0308 

-0-0313 

27. 

FePO^ 4 Anabaena 

1-437 

- 0-201 

0-0297 

-0-0024 

28. 

FePO^ 4 Tolypotbrix 

1-207 

-0431 

0 0301 

- 0-0021 
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The remits in the table clearly reveal that the extracellular products secreted 
during the growth of these algae can solublize the sparingly soluble phosphates 
and basic slags. The results are better in solution than in soil, hdaximum effeet 
is shown in Tata basic slag and tricalcium phosphatt . The increase over contiol 
by tolypothrix in Ta a basic slag and tricalcium phosphate is 2-17 % and 1-6% and 
bv anabaena 1-93% and 1-06% respectively. In soils the order is TBS > Ca,-(PO.\. 
> DBS > AlPO,-H»0 > KBS. *'» 

The increase in crop yield, especially in paddy by inoculation of blue-grcen 
algae has* frequently been repforted and it is attributed to the nitrogen fixed from 
the atmosphere by these algae. It has been concluded in this paper that a portion 
of the above reported increase in crop yield may be due to the increase ijj the 
availability of phosphates. The decrease in solubility ' in GBS and FePO^-ZHjO 
could not be accounted for. It may be due to little growth of algae in these 
treatments which take the available P 4 O 5 from the source. For it is further natiCi 
ed that the effect is directly concerned with the intensity of growth of these a%ae in 
the ihedia. 

Before arriving at any solid conclusion extensive study is needed on this 
aspect Work onjthis topic is already under progress. 

Summary 

Three algae, chlorella vulgaris, anabaena neviculoides and tolypothrix tenuis 
were grown in pure cultures containing different sparingly soluble phosphates i.e. 
Tata German Durgapur and Kulti Basic Slags, Tricalcium phosphate, Aluminitim 
nhosphate and Ferric phosphate (1% P 2 O 5 ). Also soil containing same materials 

were incubated at room temperature. [40% moisture). 

The results indicated that extra cellular products excreted during growth 
of these algae can increase the' solubility of these phosphates. Maximum 
effect is shown in Tata ‘Basic Slag and tricalcium phosphate, i he increase by 
tolypothrix in Tata basic slag and tricalcium phosphate is 2-17 and l-fiVoand 
bv anabeaaa 1-93 and 107% respectively. It is further noticed that the effect is 
directly concerned with the intensity of growth of the algae in the media. • 
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Effect of Anabaena neviculoides on nitrogen fixation and 
Rice yield in presence of Ammonium Sulphate 
Municipal compost, wheat straw and basic slac 

By ^ 

N. R. DHAR & A, P. KHERA 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 

Next to wheat rice is the main cereal crop of India. It was observed that in 
India nee can be grown on the same land for long periods without the addition of 
manure to the soil ( 1 ) . Many evidence have now been adduced to show that one 
of the probable causes for the ability _ of rice to grow, year after year, in the 
ab lence of manure, is due to the fixation of at mospheric nitrogen by the blue- 
green algae. Growth of these organisms in rice fields is often luxuriant, many of 
the species concerned have been shown to be nitrogen fiyi'ng (2, 3, 4). ^ 

In recent years, much importance has been attached to the blue -ween 
algae that develop in great masses in rice fields and it is generally believed that 
algae take part in the nitrogen cycle in the soil. 

The present study was outlined with the view to obtain some information 
about the influence of orgamc matter, ammonium sulphate and Tata Basic slag on 
theactivityofspecially introduced soil blue-grecn algae, such as Anabaena nevi- 
culoides, in paddy fields. 

Experimental 

Soil : Surface sample from 0-15 cm depth was collected from the Sheila Dhar 
Institute Lawn. (Silt loam), dried in the shade and ground to pass through 4 mm 
mesh sieve. Sieved soils were mixed very thoroughly for potting. 

Potting of Samples : Uniform earthenware pots (without any hole) lined with 
black bituminus, non-chippable paint were packed with 5 Kg of soil. 

Addition of nutrients other than Phosphorus and Nitrogen : With the exception of 
phosphorus and nitrogen, other nutrients which are considered essential for the 
plant growth were supplied at the following rates : 


Nutrient 

Forms in which applied 

Dose per acre 

Potassium 

Potassium sulphate 

80 Ite KjO 

Magnesium 

Magnesium sulphate 

20 lbs Mg 

Iron 

Ferrous sulphate 

10 lbs Fe 

Manganese 

Manganese chloride 

20 lbs Mu 

Zinc 

Zinc chloride 

25 lbs Zn 

Copper 

Copper sulphate 

15 lbs Gu 

Molybdenum 

Ammonium molybdate 

2 lbs Mo 

Boron 

Borax 

5 lbs Bo 
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These nutrients and ammonium sulphate were added in the form of solution 
Municipal compost (well decomposed} and powdered Tata basic slag were added m 
such. Wheat straw (powdered) was incorporated 30 days before transplanting of 
paddy seedlings. Each pot contained 4 plants. 

Two groups (A and B) of pots were set up for receiving the different materials 
shown in Table 1. 

Inoculation with Anabaena neviculoides* in pots of group B were carried 
out a week after sowing. 

TABLE 1 

Materials added to Pots 


Pot No. 

Ammonium 

sulphate 

(A/S) 

City 

compost 

(Comp.) 

Wheat 

straw 

(Str.) 

Tata Basic 
slag (TBS) 

(P) 

Group A 

Group B 

Not-inocu- 

Inocu- 

21-5% 

1-38% 

0-64% 


lated 

lated 

N 

N 

N 

PaO, 

1 

13 

0 

0 

0 

0 

2 

14 

0 

0 

0 

IP 

3 

15 

0 

0 

0 

2P 

4 

16 

IN 

0 

0 

0 

5 

17 

IN 

0 

0 

IP 

6 

18 

IN 

0 

0 

2P 

7 

19 

0 

IN 

0 

0 

8 

20 

0 

IN 

0 

IP 

9 

21 

0 

IN 

0 

2P 

10 

22 

0 

0 

IN 

0 

11 

23 

0 

0 

IN 

IP 

12 

24 

0 

0 

IN 

2B 


1 N = 30 lbs Nitrogen per acre 

1 P =r 30 lbs PgOg per acre 

2 P = 60 lbs P^Og per acre 

All treatments were in three replicates and the rate of addition to each 
pot was calculated on area basis. 

All pots were sufficiently irrigated daily to provide a layer of water about 
1^ inch above the surface of the soil. The rice plants, when ripe were cu‘<. at the 
surface of the soil. The grains and the straw were separately weighed and ground 
for total nitrogen determination. The pots were left untouched for a wetk after 
which the soil of each pot was taken for the determination of total nitrogen (5). 

Results and Discussion 

The average yield of grain and straw (calculated on the oven dry basbj 
obtained from each treatment is recorded in Table 2. 

♦Anabacna was propageted in Erlcnmaycr flasks containing the medium rccotrmendcd ty 
De(2). After tw a months the contents of the flanks were bclcnded and added at the rate o . m 
to each pot. 
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. TABLE 2 

Average Tields of grain and straw per pot 

Non-inoculated Inoculated 

Treatments Pot Grain Straw Pot Grains Straw 

Mn a cr A.T/-y _ /P ^ jC 


ON 


OP 

1 

4-7 

7-7 

13 

5-7 

9-1 

21*2 

ON 


IP 

2 

5*6 

10-3 

14 

7-4 

12-2 

32*1 

ON 


2P 

3 

6*1 

11-3 

15 

8-2 

13-5 

34*4 

IN 

(A/S) 

OP 

4 

6*4 

14-5 

16 

6-2 

12-0 


IN 

(A/S) 

IP 

5 

7*0 

14-9 

17 

6-7 

13-0 


IN 

(A/S) 

2P 

6 

9-1 

14T 

18 

8-5 

13-7 


IN 

(Str.) 

OP 

7 

6*1 

11-7 

19 

6-3 

14-8 

3*3 

IN 

(Str.) 

IP 

8 

6*8 

12-7 

20 

6-5 

14-3 


IN 

(Str.) 

2P 

9 

8*4 

13-1 

21 

9-7 

14-4 

15*5 

INiComp.) 

OP 

10 

6*9 

15-5 

22 . 

8-4 

15-6 

21*7 

lN(Comp.) 

IP 

11 

7*6 

15'0 

23 

9-6 

15-9 

26-3 

lN(Comp. 

)2P 

12 

9*1 

15'8 

24 

11-4 

17-1 

25*2 


The data show that algae sometimes caused an increase or decrease in both 
grain and straw. It is interesting to note that the control pots i.e. the pots to the 
soilsof which no nitrogen was added, gave, when inoculated remarkably higher 
yields of both grain and straw. 

If inoculation is entirely ignored, the effect of the nitrogenous materials 
added on grain and straw varies from one material to another, whether Tata basic 
slag (PjOg) exists or not. The effect of micro-organisms on nitrogen fixation is 
assumed liegligible because in the water -logged period, conditions are imfavour- 
able for certain bacteria like Azotobacter which are unlikely to be very active at 
this time (6). De and Datta ( 7 ) have also obtained evidence to show that no 
nitrogen fixation to any measurable exteiit takes place in rice soils during the dry 
period and that the conditions occurring in the soil during the said period are not 
Citable for Azotobacter growth. It is mere approximation since some nitrogen 
must be lost from the soil during the life time of the rice plant (8, 9, 10). 

To find the effect of incoluation and overcome above difficulty the gain in 
nitrogen was calculated. 

The gain in nitrogen = (nitrogen in grain and straw nitrogen left in soil) - 
(nitrogen orginally present in the soil+nitrogen added:. 

The data is recorded in Table 3. 

It is to be noted that gain in nitrogen was least in the inoculated pots which 
received ammonium sulphate with or without phosphate (TBS). It is also well 
established (11, 12, 13, 15) that little or no nitrog n is fixed in the presence of 
ammonia since most of the nitrogen required by these organisms is obtained from 
the ammonical fertilizers applied, to the soil. Consequently the crop is more or 
less deprived of the nitrogen it needs and hence the yield is lowered (Table 2;. It 
is also supported by the nitrogen taken in per cent of added nitrogen (Table 3). 

Table 3 also shows that nitrogen fixation in the inoculated pots was consider- 
ably stimulated by compost additions obviously because the algae were amply 
Supplied with COa liberated through its decomposition. This agrees with the 
results obtained by De and Sulaiman and El Fadl et al. (14, 13). This received 
further support from the results obtained with straw. But the increase in yield 
due to inoculation of algae to straw was not much in comparison to compost. 
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Straw and compost was shown to be unsatisfactory source of e • 

when applied directly (13). Because the decomposition of compos And °gtiaw 
under the anaerobic conditions prevailing in paddy fields goes oJ ,1.^ 
But in the present case the results are excellent when well dSomposed dty 
post is added and enough time is given to straw for decomposition in thrSl 

The addition of phosphate as Tata basic slag increased yield comiderlblv 
The nitrogen fixation by inoculation of anabaena is also stimulated in * r 

phosphate as Tata basic slag (Table 3). Earlier De and Sulaiman (14)^ obseree'd 
that the addition of phosphates to rice soils whether in soluble form as potasS 
phosphate or m insoluble form as calcium phosphate stimulated the ^tion^ 
nitrogen by algae. “ 

It is concluded from this study that the blue-green algae Anabaena nevi- 
culoids can be utilized as nitrogen fixer to increase crop yields in paddy soils 
The fixation and yields are more when decomposed city compost and wheat straw 
are applied as organic manures with Tata basic slag. The residual effect on wheat 
crop is under progress. 


Snmmvkty 

The effect of this alga on the crop yield of rice plants was examined in pots 
30 lbs nitrogen as ammonium sulphate, powdered wheat straw and municipai 
waste were applied with two rates of phosphorus (30 lbs and 60 lbs PjO. from Tata 
Basic slag), wheat straw was incorporated 30 days before sowing “and other 
materials just before transplanting of paddy seedlings. 

Results obtained indicated that increase in the crop yield as high as 
34-4 per cent was achieved by the inoculation of this aiga in control pots i.e. with- 
out any nitrogen treatment. 

Inoculated sets in the case of inorganic nitrogenous fertilizer, ammonium 
sulp^te showed no increase over uninoculated ones. The fixation of nitrogen is 
maximum in the soil manured with phosphated municipal compost and lowest in 
ammonium sulphate. 
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Effect of Sarkanda {Soccharum mmja) and Coal in prese 
of Tata Basic slag and calcium ammonium uitraie*^** 
on crop production 

By 

N. R. DHAR & A. P. KHERA 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad, India 

It lon^ Idccd felt th.3<t 3,rtific3il fertilizers &re not only limited in a 
but their continuous use affect the permeability and structure of the 
.riy..-. Ruschm^.. hold, the view *at minojal ni.rogenou, fmiS “ ‘ 
rate the breaking down of humus. Similar results have been reported bv HR v 
He after extensive investigations suggested the use of organic materiah^J 
phosphates for better crops and recuperation of land^. Hester and Sheh » 
reported that organic matter has a benehcial effect in keeping the nh!"" 

phate available for plant use. Extending the use of organic matter and E* 

ph .tes Karrakar^ in U.SA obtained marked nitrogen fixation and increased E 

by Dhaii Ld'uvh.^ 

Keeping in view the above conclusions, field experiments were carried ont 
on an alluvial sandy loam soil of vi lage Nagina (Hariana) by incorporating variS 
substances hke coal, sarkanda (Saccharum munja), Tata basic slag intf the sod 
and their influence in raising the nitrogen status, fertility and crop production 
was ^ompared with calcium ammonium nitrate (GAN). Crops grown were Ba^a 


Experimental 


The land selected for the experiment was as uniform as possible 
samples were drawn out from different spots up to a depth of 6 inches for 

Details of layout : 


The soil 
an Jysis. 


Soil V r Sot H*' 

Soil + Sarkanda i- Calcium ammonium 
ammonium nitrate + Tata Basic 
ammonium nitrate + Tata Basic slag. 


-p amme 

Goal + Calcium ammonium nitrate. 12. 
m nitrate. 13. Soil + Coal + Calcium 
slag. 14. Soil ■+• Sarkanda -f- Calcium 


Goal 

Sarkanda 
Tata Basic slag 

Calcium ammonium nitrate (20%N) 

Size of plot 

No, of replications 


2| tons per acre 
10 tons per acre 
50 lbs P2O5 per acre 
30 lbs Nitrogen per acre 
1/60 til acre. 

3 
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AS the area I dependant on rains therefore, Sarkanda, Tata Bask and 

Coal were ploughed in directly into the field in the last week of May 1936 iforTer 
to get a well decomposed material before sowing of the crops. The annual rain fall 
of the area varies from 20-25 inches, most of wWch is receiVed in June m AuiS 
Two more were given before sowing of the crops. Representative S 


TABLE I 


Analysis of Soil and other materials used in the experiment 



Soil 

Sarkanda 


Goal 

T,B.S. 

Loss on Ignition 

2-93 12 

89-5234 

8{j-5779 


Ash 

- 

10-4766 

19-4221 


HGl insolulbe 

85-4317 

5-7827 


8-6343 

23-6673 

(Silica) 






Sesquioxide 

6-8213 

0-8874 


1-9271 

33-7431 


3-9143 

0-3924 


0-8633 

11-1912 

GaO 

0-9760 

0-7839 


]•4212 

29-8652 

MgO 

0*5683 

0-4823 


1-6232 

4-1094 

KjO 

0-8768 

0-8439 


0-8934 

0-8601 

Total PgOj 

0-1281 

0-5173 


0-3122 

7-7863 

Available P 2 O 5 

0-0081 

— 



4-5411 

Total Carbon 

0-5003 

41-3921 


75-2147 


Total Nitrogen 

0-0381 

0-6748 


1-3873 


Ammoniacal N 

0-0015 

— 




Nitrate - N 

0-0027 

- 



- 


TABLE 2 





Analysis of soil before sowing of crops 


Treatments 

Total 

Total 

NHg-N NO.-N Total Available 


Carbon nitrogen 




1. Soil alone 

0-5001 

0-0382 

0-0015 

0-0027 

0*1281 0-0081 

2. Soil-f-Goal 

0-7081 

0-0420 

0-0016 

0-0028 

0-1283 0*0081 

3. Soil+TBS 

0-4996 

0-0381 

0-0015 

0-0029 

0-1432 0-0118 

4, Soil + Sarkanda 

0-8941 

0-0461 

0-0023 

0*0044 

0-1351 0-0107 

5 . Soil + Goal + TBS 07079 

0-0420 

0-0017 

0-0030 

0*1356 0-0110 

6 . Soil "T Coal + Sarkanda 1T025 

0-0504 

0*0025 

0-0047 

0-1283 0-0085 

7. Soil + Sarkanda + TBS 0'8925 

0*0466 

0*0047 

0*0080 

0-1547 0-0168 

8 . Soil + Coal + 

1-1008 

0-0504 

0-0050 

0-0083 

0-1593 0-0167 

Sarkanda 4 - TBS 





9 . Soil + GAN 

0-5000 

0-0396 

0-0021 

0*0033 

0-1282 0-0081 

10. Soil -t- GAN + TBS 0-4995 

0-0396 

0-0023 

0-0035 

0-1435 0-0119 

11. Soil i- Goal + GAN 07083 

0-0434 

0-0022 

0-0034 

0-1283 0-0083 

12. Soal -f SaTkanda ■+• GAN 0*8940 

0-0482 

0-0030 

0-0051 

0-1352 0-0108 

13. Soil + Goal + GAN + 07079 

0-0435 

0-0021 

0-0035 

0-1284 0-0087 

TBS 






14. Soil + Sarkanda + 0*8924 

0-0475 

0-0054 

0-0086 

0-1548 0-0169 

GAN + TBS 
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table 3 


Average yield of Bajra and Mung in Kgs. per plot ( 1 /60;A am) 
[Average of three replicates) 


Treatments 


Bajra 

Grain Straw 

(Kgs) (Kgs) 

Mung 

Grain 

(Kgs) 

Straw 

(Kgs) 

1. Soil alone (Control) 


4-2 

19-0 

3-8 

9*4. 

2* Soil “f“ Goal 


4-9 

2M 

4-3 

9-ft 

3. Soil + TBS 


5-2 

21-4 

4-5 

2*6 

4. Soil 4- Sarkanda. 


6-6 

25-5 

5*2 

3*1 

5. Soil + Goal + T.B.S. 


5*9 

23-7 

5-0 

3*3 

6. Soil + Goal + Sarkanda 

7-4 

27-7 

5-7 


7. Soil + Sarkanda -f TBS 


8-5 

28-4 

6*5 

4*6 

8. Soil + Coal + Sarkanda 

+ TBS 

8-5 

30-5 

6-2 

4*0 

9. Soil + GAN 


5-3 

23-5 

4*5 

3*1 

10. Soil H- GAN + TBS 


6-2 

25-6 

5*2 

3*5 

11. Soil + G'iiN + Goal 


6-1 

25-6 

5*0 

3-2 

12. Soil + Sarkanda 4“ GAN 

7-4 

29-3 

6-0 

3 7 

13. Soil -f Goal + GAN -|- TBS 

7-2 

28-7 

5-9 

3-6 

14. Soil + Sarkanda + GAN + TBS 

8-6 

32-3 

6-8 

4-1 

TBS = 1 ata Basic Slag, CAN = Calcium Ammonium Nitraic. 



TABLE 4 




Analysis of Variance of yield of Bajra 



S.No. Source of d.f. 

s.s. 

M.S.S. 

Calculated F from the taWr 

Variation 



F 

5% 

1% 

1. Treatments 13 

68-92 

5-30 

66-3 

2-15 

2*96 

2. Replications 2 

0-03 

0*01 

Highly Significant 

3. Error 26 

2*06 

0*08 




4. Total 41 






C.D. (5%) 

= 

C.D. (1%) 

= 0*612 




Table 5 




Analysis of Variance of yield of Mung 



S. No, Source of d.f. 

S. S. 

M.S.S. 

Calculated F from the Table 

Variation 



F 

3% 

!%■ 

1. Treatments 13 

22-05 

1*68 

12-0 

2-15 : 

2-96 

2. Replications 2 

0-23 

0-11 

Highly Significant 


3. Error 26 

3-66 

0-14 




4. Total 41 






G.D. (5%) 

= 0*618 

O.D. (1%) 

« 0-834 
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TABtE 6 

Analysis of soil after harvesting Bajrd 


Treatments NHj-N NOg-N Total Available 

Carbon Nitrogen p^Og PjOg 


1 . 

Soil 

alone 

0-4992 

2 . 

Soil 

4" 

Coal 

0-7076 

3. 

Soil 


TBS 

0-4991 

4. 

Soil 

+ 

Sarkanda 

0-8931 

5. 

Soil 

+ 

Coal + TBS 

0-7072 

6 . 

Soil 

+ 

Coal + Sarkanda 

1-1008 

7. 

Soil 

+ 

Sarkanda -f TBS 

0-8902 

8 . 

Soil 

+ 

Goal + Sarkanda 

0-8991 


+ TBS 


9. 

Soil 

+ 

CAN 

0-4989 

10 . 

Soil 

-f 

CAN + TBS 

0-4981 

11 . 

Soil 

+ 

Coal + CAN 

0-7073 

12 . 

Soil 

+ 

Sarkanda 4- CAN 

0-8921 

13. 

Soil 


Coal + CAN + 

0-7068 


TBS 



14. 

Soil 

+ 

Sarkanda 4 CAN 

0-8904 


4 .TBS 


0-0379 

0-0017 

0-0029 

0-1265 

0-0076 

0-0416 

0-0018 

0-0030 

0-1267 

0-0079 

0-0378 

0-0018 

0-0031 

0-1407 

0-0195 

0-0466 

0-0028 

0-0048 

0-1325 

0-0147 

0-0416 

0-0019 

0-0032 

0-1327 

0-0148 

000504 

0-0030 

0-0051 

0-1408 

0-0196 

0-0465 

0-0052 

0-0085 

0-1492 

0-0248 

0-0502 

0-0056 

0-0089 

0-1487 

0-0247 

0-0389 

0-0024 

0.0037 

0-1267 

0-0079 

0-0.®90 

0-0026 

0-0059 

0-1408 

0-0196 

0-0428 

0-0026 

00038 

0-1268 

0-0079 

0-0477 

0-0035 

0-0054 

0-1326 

0-0147 

0-0429 

0-0024 

0-0039 

0-1209 

0-0197 


0-0471 0-0059 0-0092 0-1488 0-0248 


TABLE 7 

Analysis of soil after harvesting Mung 


Treatments 


Total Total NH 3 «N NO 3 -N Total Available 
Carbon Nitrogen PjO* PjO^ 


1 , 

Soil alone 

0-4974 

0-0386 

0-0017 

0-0033 0-1267 

0-0071 

2 . 

Soil + Goal 

0-7074 

0-0424 

0-0021 

0-0032 0-1266 

0-0081 

3. 

Soil + TBS 

0-4991 

0-0377 

0 0017 

0-0032 0 1411 

0-0193 

4. 

Soil + Sarkanda 

0-8937 

0-0475 

0-0031 

0*0049 0*1328 

0-0143 

5. 

Soil -|“ Coal “h TBS 

0-7068 

0-0424 

0-0023 

0-0032 0-1327 

0-0151 

6 . 

Soil + Coal 4* 
Sarkanda 

1-1006 

0-0512 

0*0034 

0-0U53 0-1408 

0-0199 

7. 

Soil +. Sarkanda + 
TBS. 

0-8903 

0-0474 

0-0057 

0-0082 0-1493 

0-0243 

8 . 

Soil d" Goal -|- 
. Sarkanda + TBS 

0-8993 

0-0515 

0-0063 

0-0088 0-1484 

0*0247 

9. 

Soil + GAN 

0-4978 

0-0397 

0-0021 

0-0037 0*1268 

0-0076 

10 . 

Soil d- GAN + TBS 

0-4983 

0-0398 

0-0024 

0*0040 0-1409 

.0-0196 

11 . 

Soil d- Goal d- CAN 

0-7079 

0-0437 

0-0025 

0-0041 0-1272 

0-0078 

12 . 

Soil d- Sarkanda + 
GAN 

0-8923 

0-0484 

0-0041 

0-0059 0-1328 

0-0143 

13. 

Sojl d- Goal d- GAN 
d- TBS 

0-7061 

0-0426 

0-0022 

0-0039 0-1211 

0-0204 

14. 

Soil d- Sarkanda -f 
GAN d- TBS 

0-8896 

0-0485 

0-0062 

0:0098 0-1486 

0-0243 
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Discnssloii 

From the data given in Fable 3 it is clearly revealed that the vielr!' f Is • 
Mung are higher when extra nitrogen and phosphorus are applied to 
increase in yields due to CAN is grc ater than coal and nearly eaual 
obtained from plots receiving Tata Basic slag. Though the coal treated* 1 
higher initial nitrogen yet the inci ase in yield is lower than the plots 
was applied. This can be due to the availability of nitrogen in CAN 
Sarkanda when applied two months before sowing undergoes slo 
and thus fixes atmospheric nitrogen® . Moreover on decomposition it add ° 
to the soil ; the fixation of nitrogen being more wht.n phosphate as Tat, * 
is added (Table 6) The rendering of the fixed nitrogen in the available * 
to be responsible for increasing the yield of Bajra and Mung. ™ 

The increase in yield follows the following orders. 

Bajra', Treatment Nos. 14> 8> 7> 12 > 6> 13 > 4> 10 >11>5 > n 

Mung: Treatment Nos. 14> 7> 8> 12> 13> 6> 10> 4> 5> ii> 9 > 3 ;> 2>i 

The results recorded in Tables 6 and 7 clearly revc al that the nitrogen stat 
of the soil is markedly enhanced when Sarkanda and coal are incorporated int 
soil, the results are significant when basic slag is used as phosphatic source V 

the same tables it is indicated that the availability of phosphate increases wh”” 

organic matter is incorporated along with Tata basic slag. Moreover marked 
nitrogen fixation results in addition to an increased crop yield. Phosphate as Tat 
basic slag acts in two ways ; is increases the decomposition of organic matter a d 
thus more nitrogen is fixed, secondly it stabilises the nitrogen of the soil by formin 
more stable phospho-proteins. ^ ® 

From the above study it can safely be concluded that Sarkanda which has a 
wild growth in many areas of Hariana can be profitably used in increasing the 

nitrogen status and fertility of the soil and the results will be more significant if 
it is ploughed in Tata basic slag, the waste by product of steel industry oranv 
other phosphatic fertilizer. ^ 

Summary 

Sarkanda and coal when applied at the rates of 10 tons and 2| tons per acre 
respectively in presence of Tata Basic slag and calcium ammonium nitrate were 
found to increase the yields of Bajra and Mung significantly. It has been observed 
that Sarkanda as well as cOal not only add nitrogen to the soil but when allowed 
tinie to decompose can fix appreciable amounts of atmospheric nitrogen. From 
the study it can safely be concluded that Sarkanda, which has a wild growth in 
many areas of Hariana, can be utilized to increase crop yields considerably. The 
results are better when it is ploughed in with Tata Basic slag. 
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Pbotosynthesis of Amino acids in Vitro. Part— I. Interaction 
between glucose and NH^N O 3 or KNO 3 

By 

N. R. DHAR & S. K. ARORA 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 


Abftract 

Aminoacids are photosynthesized by the interaction of glucose and NH^ NOg 
KNO in the presence of titania, molybdic acid and vanadium pentoxide. The 
^ountand number of aminoacids produced increases when the systems are 
^nsnliated with dicalcium phosphate. The aminoacids formation is highly 
Icditated by the absorption of light. 


Introdnction 

The body structure of all the living things is made up of proteins. The 
f mation of peptides from the aminoacids synthesized on the surface of the earth 
was difiicult to explain because an external source of energy is necessary to effect 
the combination of two or more aminoacids forming peptides. 

Miller* observed the synthesis of aminoacids by passing electric dis- 
rhame in an atmosphere of mixture of gases such as hydrogen, methane and 
ammonia Baly, Heilborn and Hudson* >** reported the photosynthesis of 
^noacids and nitrogen bases when activated formaldehyde produced photo- 
chemically reacts with nitrites. 

Dhar and Mukherji® obtained small amounts of aminoacids which can 
he readily detected by ninhydrin by exposing ammonium nitrate, potassium nitrate 
solutions containing citric acid, tartaric acid and glycerol etc. to light. Paylovs- 
tava and coworkers’ observed the formation of aminoacids by the action of 
ultra violet light on the solution of formaldehyde and ammonium salts in the 
presence of adsorbents. 

Deschreiders obtained aminoacides by exposing to ultra-violet rays a 
mixture containing succinic acid, maleic acid or propionic acids and ammonia 
ionium carbonite or ammonium cyanate. Recently Bahadur and coworkers’^® 
have observed that if under sterilized condition a mixture of paraformaldehyde, 
potassium nitrate, ferric chloride and water is exposed to artificial light, a 
iber of aminoacids are synthesised in the mixture. 

Formation of complex organic compounds by the action of high energy source 

SkrS'HorwSd »d Lo.e and •. 

It seems from the above summary, that the influence of phosphate and light 

«, the formation of aminoacids has not 

SSial glucose in presence of titania, molybdic acid and vanadium pentoxide 
and phosphate has been investigated. 
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Experimental 

Sterilized sets were used in these experiments. 10 ml of M14 »lir/. 

10 ml. M/3 NH 4 NO 3 or KNO 3 as required and 0-2 gm titania were taken in 
0-01 gm M 0 O 3 or VaOg was added in one flask each and the mixture of two 
flasks. Two sets (one with MoOg+YjOg and one without it) were . 

with OT gm CaHP 04 . 2 H 2 O. All sets were in duplicate. One set was 
to 500 watt electric bulb, the other set kept covered with thick black cloth^^Tw 
contents of the flasks were analysed for amino acids after definite intervals ofh' ' 
The qualitative estimations were made by paper chromatography^® and 
tative estimations by colorimetric method of Harding and Mclean'’. 

The following abbreviations for the aminoacids have been used in the 
recorded. 

Glyfor Glycine, A1 for Alanine, Val for Valine, Leu for Leucine 
Aspartic acid and Ly for Lysine. ’ 

TABLE 1 


10 ml. M14 glucose + 10 ml. MjS J^HiJVOa + 0’2 gm. TiO^. 

Sunk 

Period of 
exposure 
in days 

Aminoacids 

detected 

chromato- 

graphically 

Amount of 
aminoacids 
wiih respect 
to glycine 
in gm/litre 

Aminoacids 

detected 

chromato- 

graphically 

Amount 
aminoacids 
with respect 
to glycine in 
gm/litre 



Light 

Dark 

1. 

Gly., Val. 

0*0248 



2 . 

Gly., Val., Al. 

0*0463 


• • , 

3 . 

Gly., Val., Al. 

0-0783 

Gly, faint ring. 

traces 

4. 

Gly., Al. 

0*0496 

5. 

Gly. 

0-0318 

Table 2 


• * , 


10 ml. MI4 glucose + 10 ml. MjS + 0-2 gm. TiO. + O'l m 

CaHPO,2H.^O ^ ^ 


1 . 

Gly., Val. 

0*0374 

2 . 

Gly., Val., Al., Asp, 

0-0689 

3. 

Gly., VaL, Al., Ltu., 

0-1034 


Asp. 


4. 

Val., AL, Leu. 

0-0837 

5. 

Val., Al. 

0*0398 


Gly. (faint). 
Gly., Al. (faint) 


traces 

traces 


TABLE 3 


1 

2 . 

3. 

4. 

5. 


10 ml. MI4 glucose + 10 ml. MjS NH^HO^ + 0'2 gm. TiO. + 0-01 m. MoO. 

T r t * ® * 


Gly., Val. 0*0262 

Gly., Val., Al. 0*0498 

Gly., Val., AL, Asp. 0-0796 

(faint) 

Gly., Al. 0-0532 

Gly., Al, 0*0386 


Gly. (faint) 


traces ^ 
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TABLE 4 

10 ml. MI4 glucose + 10 ml. MjS + Q-2 gm. TtO^ + Q-Qi 


Sterile 



Aminoacids Amount of 

Aminoacids 

Amount of 

Period of 

detected aminoacids 

detected 

anunoacids 

exposure 
in days 

chromato- with respect 

graphically to glycine in 

gm/litre 

chromato- 

graphically 

with respect 
to glycine in 
gm/litre 


Light 


Dark 


1. 

Gly., Val. 

0-0251 

... 


2., 

Gly., Val., Al. 

0-0476 

• * • 


3. 

Gly., Val., Al. 

0-0784 

Gly. (faint) 

traces 

4. 

Gly., Val. 

00498 


• 5 * 

5. 

Gly., Val. 

0-0363 

... 

•4* 


TABLE 5 



10 ml. MI4 glucose + 10 ml. Mj3 jVH^JVOs + 0-2 gm. TiO, + 0-02 m. 


[MoOi -t- FjOg) + 0-1 gm. CaHPOi 2H^0 


1. 

Gly., Val. 

0-0396 

... 


2. 

Gly., Val., Al. 

0.0728 

Gly. (faint) 

traces 

3. 

Gly., Val., AL, Asp., 

0-1058 

Gly., AL 

traces 


Leu. (faint) 



4. 

Gly., Val., Al. 

0-0937 

AL (faint) 

traces 

5.' 

Gly., Al. 

0-0618 

... 



TABLE 6 



10 ml. Mj4 glucose -j- 10 ml. MjS + 0'2 gm. TiO^ + 0‘02 gm. 


M<Ot 

j + FgOs 



1. 

Gly., VaL, AL 

0-0281 

... 

% 

2. 

Gly,, VaL, AL, Asp. 

0*0509 

Gly. 

traces 

3. 

Gly., VaL, AL, Asp., 

0-0862 

Gly. 

traces 


Leu., Ly. 




4. 

Gly., Aly., Leu., Ly. 

0-0631 

... 

... 

5. 

AL, Leu. 

0-0435 

... 

... 


TABLE 7 




10 ml. MI4 glucose + 10 ml. MjS KNO^ 

-f- gm. TiO^ 


1. 

• . . 

traces 

... 

... 

2. 

Gly., Val. 

0*0412 

... 

... 

3. 

Gly., Val. 

0-0623 

Gly. (faint) 

traces 

4. 

Aly., Val. 

O-0481 

... 

... 

5. 

Al. 

0-0286 

-■ 
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TABLE 8 


10 ml. MH glucose + 10 ml. M/3 KNO^ 0'2 gm. TiO^ -f 0-J gm 
CaHP0i.2H^0 


SteriU 


Period of 
exposure 
in days 

Aminoacids 
detected 
chroma to- 
graphically 

Amount of 
aminoacids 
with respect 
to glycine 
jn gm /litre 

Aminoacids 

detected 

chromao- 

giaphically 

Amount of 
nminoacid 
with rtspcos 
to glycinet 
in gm/litr 


Light 


Dark 


1. 

Giy., Val. 

0-0241 

• • • , 


2. ' 

Gly., Val., Al. 

0-0583 

Gly. 

traces 

3. 

Gly., VaL, AL, 

Asp. 0-0976 

Gly. AL (faint) 

traces 

4. 

Gly., AL, Val, Asp. 0*0768 

... 

»»» 

5. 

Giy*, AL, VaL 

0-0589 





X’ABLE 9 



JO ml, MI4 glucose + 10 mL MjS KJVO^ + 0^2 gm. 

TiO^ 0*01 gm. 

. MoO^ 

1. - 


traces 


• •« 

2. 

Gly., Val. 

0-0442 

... 


3. 

Gly., Val,, Al. 

0-0688 

Gly. 

traces 

4. 

Gly., Val. 

0-0532 

. • . 


5. 

Gly., Val. 

0-0312 





TABLE 10 



10 ml. MI4 glucose + 10 ml. Mj3 KNO^ + 0-2 gm. TiOj + 0-01 mg. 

V^O, 

1. 

. . . 

trac- s 

« . '• 


2. 

Gly., Va]., AL 

0-0429 



3. 

Gly., Val., Al. 

0-0679 

Gly. 

traces 

4. 

Gly., Val. 

0-0517 



5. 

Val. 

0-0298 


... 



table 11 



10 ml. M14 glucose + 10 ml. Mj3 + 0-2 gm. TiO 

a + 0-02 gm. [MoO^ + F.OJ 

1. 

Gly., Val. 

0-0207 



2. 

Gly., Val. 

0-0468 

Gly. 

traces 

3*. 

Gly., Val., Al. 

0-0738 

Gly., AL 

tracts 

4. 

Gly-, Val., Al. 

0-0561 



5. 

Al., Val. 

0-0341 

... 

- 


I 334 J 


TABLE 

Id ml. MI4 glucose + 10 ml. MjS KNO.^ + 0-2 em. TiO. 4- O-O^ 
+ FA) + 0-1 gm. Cap ml 2^0 


gm. 


Sterile 


Period of 
exposure 
ia days 

Aminoacids 

detected 

chromato- 

graphically 

Amount of 
ammoacids 
with respect 
to glycine 
in gm/litre 

Amin 1 acids 
detected 
chroma to- 
graphically 

Amount of 
aminoacid 
with respect 
to glycine 
in gm/litre 

1 . 

Light 

Gly., Val., Al. 

0-0263 

Dark 


2. 

3. 

Gly., Val., AL, Asp. 0-0617 

Gly., Val., AL, Asp., 0'0998 

Ly. 

Gly. 

Gly. Al. 

• •• 

traces 

traces 

4. . 

5. 

Gly., Val., Al. 
Gly., Val. 

0-0781 

0-0413 

Gly., Al. 

traces 


Discussion 

A perusal of the experimental results (table 1121 <!hr>wc i, .t. 

systems consisting of NH.NO^ or KNO, and glucose are exposed to'^K^ht^ 
presence of titama and other photocatalysts MoO, or V n ^ cr, , 

amounts of aminoacids are formed. The quantity as weU as £ number^of 
acids produced increases when the systems are phosp^ated with dicXSm 
phosphate It supports the v^w point that phosphates Lm stable oomplSS 
;«th proteins and aminoacids both in soils and plants tissue as well as in™ 
dius making, the protein or aminoacids molecules much more stable toward 
decomposition. Recently Dhar and Ghosh's from a study of the nhvsiSd 
properties have established the possibility of the formation of phosphSr/laSl 
XSfem phosphoric acid is mixed with aminoacids adenbe and 

It is observed that systems containmg molybdic acid give better results than 
those containing vanadium pentoxide and the mixture of these two photocatalysts 
“f'“‘'‘®",'^hich IS more pronounced when the systems is 
phosphated. This may b : probably due to the difference that molybdic acid is a 
bitter photoc italyst taan vanadium pentoxide, ^ 

• clear that the synthesis of ammoacids in the above sterile 

sets IS highly facilitated by the absorption of light. In all the cases, the amounts 
of ammoacids formed are much higher than in the dark. In the exposed sets it 
SMms that the energy liberated by the oxidation of the energy material as well as 
the energy absorbed in the form of light are utilized in the formation of amino- 
acids. But m the covered sets, only small amoimts of aminoacids are synthesized 
because only the thermochemical energy due to the oxidation of the oceanic 
compounds are available. ® 

In all the systems it is observed that there is an increase m the amount of 
ammoacids synthesized in the b: ginning which is followed by a decrease on 
prolonged exposure. It seems that along with photosynthesis of amino acids 
pbotolysis IS also taking place. Vaidyanathan et Dhar and Rao*» and 
ISikolaev and Agapova®^ have also observed the photolysis of ammo acids in 
presence of sensitizers. 
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Fdrmdtion of Aminoacids and changes during Nitrogen 

fixation 

By 

N. R. DHAR & S. K. ARORA 

Sheila Dhar Institute of Soil Sceince, University of Allahabad, India 

Kbvttzct 

The soil organic nitrogen is mostly of protein nature and the major source 
of soil nitrogen is the organic matter, which in addition to the nitrogen present 
in it, also fixes atmospheric nitrogen, while undergoing slow oxidation at the soil 
surface, increasing the aminoacids content. The amount and number of amino- 
acids are greater in phosphated system than unphosphated. 

Introdactioo 

Aminoacids are the building units of the proteins of all the living matter 
on ihe earth and their formation in nature has drawn the attention of scientists. 
Aminoacids exist in free state in many soils. Free aminoacids are of poiential 
importance both to microbial nutrition and plant life^ > 2 , 3 ^ Dadd examined 

nine soils and obtained ninhydrin spots for all soil extracts. Biswas and Das® 
detected free aminoacids like aspartic acid, glutamic acids, leucine, valine, cystine 
and alanine in aqueous alcoholic leachates in soils. Simonart and Peeters® extract- 
ed forest soils, leaf mould and green house soil samples with 70 ethanol and 
chromatographed the concentrated extract on paper. 

Recently Payne et noted that aqueous soils extracts concentrated by freeze 
dtying yielded ninhydrin positive spots on paper. Isolation of aminoacids in acid 
hydrolysates of soils by Suzuki®, Schreiner and Shorey® Robinson^^, Kivekas^^ 
aitd Kojima^^ have come to the conclusion that the soil organic nitrogm is mostly 
ol protein nature. Bremner^^ could detect as many as 21 aminoacids in acid hyd- 
rolytates of some U. K. soils and reported a recovery of 33% to 37% of the organic 
nitrogen as amino nitrogen in the soil he examined. 

Dhar and Roy^^ have also shown the formation of aminoncids by exposing 
normal solutions of nitrates and glucose with titania as photosensitiser. Similar 
studies have been reported on Canadian soils by Parkar^ifl/^% on .Podzoi and 
Praire soils by Davidson et and on French African soils by Carles et and 
Carles and Decau^®. 

Barnes^® from the Woburn Experimental Station has reported an increase in 
the nitrogen content with straw undergoing oxidation. Bjaifve^'* in Sweden has 
aho observed that straw when ploughed in fixes atmospheric nitrogen and also 
lliat light markedly increases the fixation of nitrogen by the slow oxidation of 
straw in soil. Hutchinson^^ and Jensen^ ^ fixed nitrogen under laboratory^ condi- 
tions mixing soil and straw. Similarly Barbier and Boischot^® and Boischot^^ 
report that incorporation of straw with soil maintained or increased the nitrogen 
status of the soil even after continuous cropping. 

In order to throw further light on this important problem, it was thought 
necessary to obtain some quantitative results. The influence of wheat straw, peat 
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ahd saw dust and basic slags on aminoacids formation and changes during nitrogen 
fixation has been investigated and reported in this paper. 

Experimental 

The experiments were carried out with Sheila Dhar Institute lawn soiL AH 
the ingredients viz- soil, phosphate, wheat straw, sawdust and peat us.'d in the 
experiments were sieved to 100 mesh. 

20o gms. of soil were taken in wide mouth bottles (1 lb. cap). To thisTh 
required carbonaceous materials and phosphates were introduced as 1% carbo^ 
and 0-5% respectively on an oven dry basis and the contents were thoroushlv 
mixed in a big pestle and mortar and the whole mixture was made as unitora ax 
possible. Two similar sets were arranged side by side, one of which was exposed^ 
light and other was covered with a thick black cloLh. In all the bottles the mms- 
ture content was maintained at 40 percent level throughout the experiment, Th 
contents of the bottles were stirred daily with the help of glass rod. At regular 
iniervals of time, composite samples were taken out from all the bottles and were 
analysed for total carbon, total nitrogen and aminoacids. The qualitative estima- 
tion of aminoacids was done by two dimensional chromatography and quaniitativl 
by Harding and Mclean method^""'. 

The following abbreviations for the aminoacids studied have been used. 

Al. for Alanine Glu. for Glutamic acid 

Va. for Valine Ly. for Lysine 

Asp. for Aspartic acid Ar. for Arginine 

Leu. for Leucine Hi. for Histidine 

Gly. for Glycine 

T.B.S. for Tata Basic Slag 
G.B.S. for German Basic Slag. 

The experimental observations are recorded in the following pages. 
Discussion 

From the experimental results recorded in the foregoing pages, it is observed 
that there is an appreciable oxidation of carbon from soil sets mixed with wheat- 
straw, peat and sawdust, more in light than in dark. There is concomitant 
increase in nitrogen along with carbon oxidation. The amount of carbon oxidised 
as well as an increase in the nitrogen fixed are in the following order wheatstraw> 
peat> sawdust. 

It is -•interesting to note that along with nitrogen fixation, the number and 
amount of aminoacids formed is alway greater in the sets exposed to light th an 
m tho3e kept in the dark. These observations show that light energy is helpful 
in iiitrog^|fixation and subsequent utlization of fixed nitrogen in the synthesis of 
aminoacids. It is interesting to note that Tata and German basic slags favour 
tne lormation of histidine, which is in agreement with the observations of Rishi*®. 

In explamngi* the photosynthesis in plants Dhar postulated that the important 
pnotochemical reaction was the decomposition of water by the absorption ol light 
^so m ^explaining the nitrogen fixation the best mechanism seems to be the same 
i.«. tne decomposition of water into H and OH by the absorption of energy obtain* • 
of carbohydrates like cellulose, lignin and fat etc. Moreover 
in e pre^nce of light, the light energy whether from sun or from an artificial 
source, is absorbed by the system and utilized in increasing the nitrogen fixation. 
HgO + 112 K Gal. = H 4“ OH 
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The ammonia formed readily undergoes oxidation and forms nitrite, nitrate 
which finally forms aminoacids and proteins in the soil. 

• + Oa + Oa + carbohydrate 

^ NHa > NOg ^ NO 3 > Aminoacids > Proteins 

Dhar and coworkers^’> 28,24 shown that in soils the process^ of nitrogen 
fixation is always opposed by ammonificatxon and nitrification. Thus on one 
fiand, nitrogen fixed on the surface of soil undergoes various changes aided by 
light absorption to form aminoacids and proteins and on the other hand, these 
aminoacids and proteins lormed in the soil undergo ammonification and nitrifica- 
tion which are accelerated by Ugh l absorption and form nitrite and nitrate. In 
these series of reaction the unstable ammonium nitrite is formed which imdergoes 
decomposition liberating energy and nitrogen gas as in the following equation : 

NH^NOa Ng + 2HgO + 718 K Gal. 

But the addition of phosphate i.e, Tata or German Basic Slags to the systems, 
form stable phosphoproteins or phospho-ligno-proteins and resist the ammonifica- 
tion and nitrification processes. It is clear from the results that the amount and 
number of aminoacids is greater in phosphated systems than unphosphated one, 
which is in agreement with the observatibnis of Dhar and Roy^^. 

It is therefore, concluded from our investigations that the soil organic 
nitrogen is mostly of protein nature and the major source of soil nitrogen is the 
organic matter, which in addition to the nitrogen present in it, also fixes atmos- 
pheric nitrogen, while undergoing slow oxidation at the soil surface* increasing the 
aminoacids contents. 


TABLE 1 

Av. temp, 200 gms. soil 


Period of 
C3q>osure 
in days 

Total 

carbon 

gm. 

Total 

Nitrogen 

gm. 

Amino acids 
identified 
chromato- 
graphically 

Amount of amino 
acids with 
respect to 
glycine (mgm.) 




Light 


0 

1-4252 

0-1396 

AI., Va,, Glu. 

... 

60 

1-3527 

0-1405 

Al., Va., Glu. 

... 

120 

1-3218 

0-1408 

AI., Va., Glu., Ly. 

0-0309 

180 

1-2757 

0-1412 

AL, Va., Glu., Ly., 

Ar. 0*0348 

240 

1-2042 

0-1417 

Al„ Va., Glu., Ly., 

At. 0-0334 




Dark 


0 

1-4252 

0-13960 

AL, Va., Glu. 

»«« 

60 

1-3765 

0-14000 

AL, Va., Glu. 

... 

120 

1-3493 

0-14021 ■ 

Al., Va,, Glu. 

... 

180 

1-3 1B6 

0-14040 

AL, Va., Glu., Ly. 

0-0271 

240 

1-2864 

0-14060 

AL, Va., Glu., Ly* 

0-0276 
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Atf, temp. 29°(7. 200 gms Soil + i % C < 2 ^ Wheat straw 


Period of 
exposure 
in days 


Total 

carbon 

gm. 


Total 

Nitrogen 

gm. 


Amino acids 
identified 
chroma to- 
graphically 


Amount of amino 
acids with 
respect to glycine 


0 

3-42,52 

0-1729 

60 

3-0584 

0-1833 

120 ' 

2*8530 

0-1887 

180 

2-6779 

0-1935 

240- ■ 

2-4709 

0-1926 

0 

3-4252 

0-1729 

60 

3-1404 

0-1774 

120 

2-9837 

0-1797 

180 ' 

2-&139 

0-1821 

240 

• 2-6415 • 

0-1818 


Av, temp. 29° C, 


0 

3-4252 

0-1729 

60 

2-8628 

0-1963 

120 

2-6685 

0-2037 

180 

2-4005 

0-2143 

240 

2-3013 

0-2128 


0 

3-4252 

■ 0-1729 

60 

' 3-0390 

0-1830 

120 

2-8434 

0-1877 

180 

2-6373 

0-1911 

240 

2-4854 

0-1907 


Light ■ ■ 

Al., Va.,Glu. 

AL, Va.j Glu, Leu. T7904 

Al., Glu., Va., Leu., Asp. 2'4632 

Al., Va., Glu,, Asp., Leu., 2-7289 
At. 

Al., Va., Glu., Ap. ^•64’37 ‘ 

Dark 

AL, Glu., Va. 

AL, Glu., Va. 1.072 i; 

AL, Glu., Va., Leu. 1'4893 
AL, Glu., Va., Leu., Asp. 1'9817 

AL, Glu., Va., Leu., Asp., 1-8763 
Ar. ■ 


Light 

Al, Va., Glu. 

. . • •• 

AL, Va., Glu., Leu. 2-5672 

Al, Va., Glu., Leu., Asp. 3-7124 

Al, Va., Glu., Leu., Asp., 4-4872 
Ly., Hi, Ar. 

Al, Va., Glu., Leu., Asp., 4-2097 
Ly., Hi., Ar. 

Dark 

Al, Va., Glu. ' - • ... 

Al, Glu., Va. 1-6698 

Al, Glu., Va.,, Leu., Asp. 2-4367 

Al, Glu., Va,,. Lou., Asp., 2-8189 
Ar. 

Al, Glu., Va.j Leu., Asp., 2-7496 
Ar., Hi. 


Table 3 

200 gms. Soil + J% C as Wheat straw + {?-5% P 0 as Tat 
basic slag ^ * .t. 
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table 4 


Av. lentp: Vc. 200 5oiZ4 1%€ as Wheat straw^ 0-5% 0^ as Gerrhan baste sla^ 


Peri^ of ; 

J 

in<^ys 

Total 
' carbon 
. gm. 

: Total 
nitrogen 
gm. 

Amino acids 
identified 
chromato- 
graphically 

Amount bi 
ammo aci^ 
with gfycinfe 
(mgm) 

0 

3-4252 

0*1729 

Light 

AL, Glu., Va. 


60 ■’ 

2*8340 

0-1982 

AL, Glu., Va., Leu. 

2*7467 

120 • 

2-6658f 

0-2051 

Al., Glu., Va., Leu., Asp. 

3-89^ 

m 

2-3974 . 

0-2157 

Ah, Glu., Va., Leu., Asp., 

4-587i’ 

240 ■ 

2-2784 

0-2146 . 

Ar., Hi, 

Al., Va., Glu., Leu., ASp., 

4-4108 

0. 

3-4252 

0-1729 

Ar., Hi. 

Dark 

AL, Glu., Va; - 



3-0376 

0-1831 

AL, Va., GIii;, Leu. 

1-7221 

120". 

2-8426 

0-1877 

Ai., Va., Glu., Leu., Hi. 

2-417^ 

ISO 

2-6361 

0-1913 

Al., Va., Glu., Leu., Hi. ' 

2-91 ll- 

240r- 

2-4980'. 

0-1904 

Al., Va., Glu., Leu., Hi:, 

2-82fr^ 

0- 

Av. 

3-4252 

temp. 29'^C, 

0-2486 

Asp. 

TABLE 5 ^ 

200 mgs. Soil + 1% C as Peat 

Light 

AL, Glu., Va: j 


60 

3-2003 

0-2548. 

AL, Glu., V^., Leu. . 

1-5678 

120 ‘ 

3-0962- 

. 0-2577 

AL, Gly.j Va., Leu., Asp* 

2-2E21> 

180- ■ 

2-^684' 

0-2612 

AL, Gly., Va., Leu., Asp., 

2-4678 

240 • 

2-8£09i ■■ 

. . 0-2608. 

Ar. 

Al., Glu., Va., Leu., Asp, 

2-3291 ■ 

0 

3-4252 

0-2486 

Ar. 

Dark 

AL, Glu. Va. 

■ 

60 

3-2338 

0-2514 

AL, Gly., Va., Leu. 

0-9871 

120 . 

3-1396 

0-2526 

AL, Va., Gly., Asp., Leu. 

1-2645 

180 

3-0502 

0-2537 

AL, Va., Gly., Asp., Leu. 

1-4767 

240’ 

2-9588 

' 0-2534 

AL, Va., Gly., Asp., Ar. 

1*3562 
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table 6 

Av. temp. 29°C, 200 gms. Soil + J% C as Peat + 0-5% P^Os Tata ba^ 


Period of 
exposure 
in^days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

Amino acids Amount oj 

identified amino a<^s • 

chromato- with res|^t ft)' 

graphically glycine (fiiga.) 




Light 

0 

3-4252 

0-2486 

Al., Glu., Va.. 

60 , 

3-1190 

0-2607 

Al., Glu. Va., Leu. ^ 2*1976 

120 

2-9510 

0-2673 

Al., Glu., Va., Leu., Asp. ^ 3*4018^ 

180 

2-7864 

0-2723 

Al., Glu., Va., Leu., Asp., 4-0862 

Hi. 

24Q 

2-6383 

0-2714 

Al., Va., Glu., Leu., Asp,,. 3-9621. 

Hi., Ar. 




Dark 

0 

3-4252 

0*2486 

Al,, Glu., Va, ..,j 

60 

3-2049 

0-2530 

Al., Gly., Va. l*265jfe 

120 

3-1035 

0-2549 

Al., Gly., Va., Leu. 1-8934;. 

180 

2-9968 

0-2568 

AL, Glu.y Va., Leu. 2*4681 

240 

2-9315 

0-2563 

Al., Glu., Va., Leu., Asp., Hi. *2-3297. ■ 




TABLE 7 

Av. temp. 29°C. 

200 gms. Soil + 1% Cos Peat + 0-5% as German 

basic slag 




Light 

0 

3-4252 

0-2486 

Al., Glu., Va. 

60 

3-1155 

0-2612 

AL, Glu., Va., Gly., 2-4347 , 

120 

2-9467 

0-2680 

AL, Glu., Va., Asp., Leu. 3-6129 * 

180 

2-7773 

0-2741 

AL, Glu., Va., Asp., Hi., Ar., 4-3627 . 
Leu. 

240 

2-6343 

0-2732 

AL, Glu., Va., Asp., Hi., 4-1267 . 

Ar. 




Dark 

0 

60 

3-4252 

3-2023 

0-2486 

0-2531 

AL, Glu., Va. (faint) . 

AL, Glu., Va. 1-8169 

120 

3-1006 

0-2551 

AL, Glu., Va., Leu. 2-4379, 

180 

2-9943 

0-2570 

Al.j Glu., Va., Leu., Asp. : 

240 

2-9270 

0-2567 

AL, Glu., Va., Leu., Ar., 2-8361 

Asp. 
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Table 8 

200 gtns. Soil J% C as Sawdust 


Ap, Umpi 29^€* 


PcricKl 

<rf 

C3Cposure 

in days 


Total 

carbon 

gm. 


Total 

nitrog- 

en 

gm. 


Amino acids 
identified 
chromato- 
graphically 


Amount of amino 
acids with 
respect to 
glycine (mgm) 


0 

3-4252 

0-1702 

Light 

Al, Gly. 


60 

3-2341 

0-1751 

AL, Gly., Va. 

1-3469 

120 

3-1424 

0-1774 

A] , Glu., Va., Leu., Asp. 

2-0546 

180 

3-0451 

0-1797 

Glu., Va., Asp., Ly., Ar. 

2-2718 

240 

2-9410 

0-1796 

Va., Glu., Asp., Leu., Ly., Ar. 

2-1864 

0 

3-4252 

0-1702 

Dark 

Al, Glu. 


60 

3-2504 

0 1725 

AL, GJy., Va. 

0-86M 

120 

3-1575 

0-1736 

Al., Glu., Va., Leu. 

1-1351 

180 

3*0681 

0-1747 

Al., Glu., Va., Leu., Asp. 

1-2867 

240 

2-9823 

0-1746 

Va., Glu., Leu., Asp., Ar. 

1-0S59 


TABLE 9 


Av. temp, 29°C. 200 gms. Soil + 1% C as\Sawdust + O' 5% as Tata basie slag 


0 

3-4252 

0-1702 

AL, Glu., Va. 


60 

3-1250 

0-1814 

AL, Glu., Va., Leu. 

1*9863 

120 

2-9934 

0*1860 

Gly., Va.j Leu., Asp., 

3-1067 

180 

2-8309 

0*1918 

Va., Glu., AL, Ar., Hi., Asp. 

3-8103 

240 

2-6888 

0-1901 

Va., Glu., AL, Asp., Ar., 

Hi., Ly. 

Dark 

3-4673 

0 

3*4252 

0-1702 

AL, Glu., Va. 

• * « 

60 

3-2103 

0*1744 

AL, Glu., Va., 

1-0457 

120 

3-1065 

0-1763 

AL, Glu., Va., Ly. 

1.5661 

180 

3-0166 

0-1780 

AL, Glu., Va., Asp. 

2*1869 

240 

2*9476 

0-1779 

AL, Glu., Va., Asp., Hi., 

Ar.,' Ly. 

2-0049 


TABLE 10 


Av, temp, 29^ C, 200 gms. Snl 1% C as Sawlust'\‘0’5 \’Q as German basic slag 

Light 


0 

3-4252 

0* 1702 

Al., Glu., Va. 


60 

3-1209 

0-1818 

AL, Gl.,-Va. 

1*2672 

120 

2-9788 

0-1864 

Ly., Gly., Va., Asp. 

3*3059 

180 

2-8159 

0-1921 

Hi., Glu., Va., Ly., Asp., Ar. 

4*0547 

240 

2*6668 

0-1914 

Hi., Glu., Va., Ly., Leu., Asp. 
Dark 

2-8672 

0 

3-4252 

0-1702 

AL, Glu., Va. 

. . . 

60 

3-2056 

0'1745 

AL, Glu., Va., 

1*3721 

120 

3-1034 

0-1764 

Ly., Gly., Va., Asp. 

1*8729 

180 

3*0089 

0-1782 

Hi., Glu., Va., Asp., Ly. 

2*3462 

240 

2*9315 

0-1779 

AL, Va., Glu., Hi., Asp., Ar. 

2-1789 
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Effect of Organic matter and algae on the availability 

of Phosphate and Nitrogen fixation 

By 

N. R. DHAR & S. K. ARORA 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 

Abstract 

When carbonaceous materials are mixed with soil and allowed to undergo 
slow oxidation, there is an appreciable increase in nitrogen status of the soil, more 
in light than in dark. In the sets inoculated with blue green algae, Tolypothrix 
tenius and Anabaena naviculoides and green alga Ghlorella vulgaris, there is 
small saving of carbon along with nitrogen fixation. Along with carbcm oxidation 
there is concomitant increase in the availability of phosphate and nitrogen 
fixation. 

Introdaction 

The origin of soil nitrogen has been highly controversial. A huge amount 
of nitrogen is removed from the arable lands every year through various processes 
such as harvest of crops, erosion, leaching and loss as elementry nitrogen from the 
soil surface^*®. It is obvious therefore that inorder to maintain their fertility 
soils must have some mechanism by which they are able to fix nitrogen from some 
source and thus make up for the loss totally or partially. Various scientists have 
suggested different mechanisms to explain nitrogen fibcation in soils. 

A considerable amount of work has been carried on recently on the part 
played by blue green algae in fixing atmospheric nitrogen, especially in paddy 
fields. De®, Watanabe^, Allen®, Okuda and Yamaguchi® have reported consider- 
able increase in the yield of paddy crop by the application of blue green algae. 

According to PearsalP the blue green algae are frequently met in abundance 
in fresh water specially in neutral and alkaline waters with a relatively high con- 
tent of dissolved organic matter and a low content of nitrate. These observations 
show that blue green algae can grow better provided a sufficient amount of oj^anic 
matter is already present in the soil. 

On the other hand, Uppal, Patel and Daji® have shown that Azotobacter 
plays an important role in the nitrogen recuperation of soils at Karjat (India). 
RusselP has stated. ^ 'There is no evidence yet that algae play any important 
role in enriching the soils of temperate regions with nitrogen, although species 
belonging to the genera containing nitrogen fixing forms are fairly widespread*\ 

Hence in order to throw light on this problem, it was thought necessary to 
study quantitatively the part played by the algae in enriching out soils and on the 
availability of phosphate in presence and absence of different organic materials has 
been taken. 

Experimental 

The experiments were carried out with the Sheila Dhar Institute lawn soil. 
All the ingredients uiz > soil, carbonaceous matter wheat straw and peat used in 
these experiments were sieved to 100 mesh. 
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20t) gins of the soil were taken in wide molith bottles ( 1 lb. capacity) T tt,- 
iequired carbonaceous materials were introduced as 1 % carbon nn an 


basis and the whole mixture was made uniform. 


carbononan oven Z 
required the 


/O 

Then, wherever 

soil in the bottles was inoculated with Anabaena naviculoides, Tolypotir^T 
and Chlorella vulgaris. Two similar sets were arranged side by side on”"rrf 
which was exposed to light and the other was covered with a thick black cf th 
In all the bottles the moisture content was maintained at40 7o level throughout th 

experiment. The contents of the bottles were stirred daily with the help of a 1 ^ 

rod. At regular intervals of time, composite samples were taken out from all t^ 
sets and were analysed for total carbon, nitrogen and available phosphate ^ 
A. O. A. C. methods. ^ f oy 


Bacteria free Unialgal cultures of the above three algae were obtained from 
Dr. A. K. Mitra, an eminent algologist, University of Allahabad India Stock 
cultures of theSe algae were then prepared by growing them in the following media 

Media for Anabaena and Tolypothrix Media for Chlorella 


KN 03 

0'2 gm. 

NH4NO3 

0*2 gm. 

KjHPOl 

0*2 gm. 

KaHPO^ 

0*2 gm. 

MgS 04 7Ha0 

0*2 gm. 

MgSOi7HaO 

0'2 gm. 

GaUla 

0-1 gm. 

GaCla 

0*1 gm. 

FeClsU/o 

2 drops 

FeCl 3 l% 

2 drops 

Pyrex distilled water 

1000 c.c ■ 

Pyrex distilled water ... 

1000 c.c 


TABLE 1 


Av. Temp, 29°C 


200 gm. 

Soil 


Period of 
exposure 

Total 

carbon 

Total 

nitrogen 

Efficiency 

AvhPA 

in days 

gm. 

gm. 

gni. 

0 

1-4252 

Light 

0-1398 


0-0272 

60 

1-3527 

0-1405 

12-4 

0*0202 

120 

1-3218 

0-1408 

11-6 

0-0318 

180 

1-2757 

0-1412 

10-7 

0-0338 

240 

1-2042 

0-1417 

9-5 

0-0354 

0 

1-4252 

Dark 

0-13960 


0-0272 

60 

1-3765 

0-14000 

8-2 

0-0288 

120 

1-3490 

0-14021 

8-0 

0-0306 

180 

1-3186 

0-14040 

7-5 

0-0313 

240 

1-2864 

0-14050 

... 

0-0328 
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TABLE 2 


M Temp* 29°C' 200 gm. Soil + Chlorella vulgaris 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total- 

nitrogen 

gm. 

EflSciency 

Avl. P,0. 
gm. 

0 

1-4252 

Light 

0-1396 


0-0272 

60 

1*3760 

0-1406 

20-3 

0-0307 

120 

1-5512 

0-1410 

18-9 

0-0323 

180 

1-3142 

0-1414 

16-2 

0-0339 

240 

1-2778 

0-1419 

15-6 

00358 

0 

1-4252 

Dark 

0-1396 


0-0272 

60 

1-3763 

0-1400 

8-1 

0 0289 

120 

1-3489 

0-1402 

7-8 

0-0508 

180 

1-3183 

0-1404 

7-4 

0-0314 

240 

1-2863 

0-1406 

... 

0-0329 

0 

TABLE 3 

200 gms. Soil + Anabaena nauiculoides 
Light 

1-4252 0-1396 

0-0272 

60 

1-3728 

0-1411 

28-6 

0 0506 

120 

1*3488 

0-1416 

26-1 

0-0319 

180 

1-3114 

0-1422 

22-9 

0*0336 

240 

1-2771 

0-1424 

18-9 

0-0357 

0 

1-4252 

Dark 

0-13960 


0*0272 

60 

1-3761 

0-14002 

8-5 

0*0289 

120 

1-3490 

0-14019 

7-7 

0-0306 

180 

1-3179 

0-14042 

7-6 

0-0314 

240 

1-2856 

0-14063 

7-3 

0-0328 

0 

200 

1-4252 

TABLE 4 

gms. Soil + Tolypothrix tenuis 
Light 

0*1396 

0-0272 

60 

1-3736 

0-1412 

31-0 

0-0£07 

120 

1-3504 

0-1417 

28-0 

0-0321 

180 

1-3126 

0-1423 

23-0 

0-0::37 

240 

1-2776 

0-1425 

19-6 

0-0356 

0 

1-4252 

Dark 

0.13960 

• » • 

0-0272 

60 

1-3755 

0- 14003 

8-4 

0-0289 

120 

1-3490 

0-14019 

7*7 

0*0.07 

l80 

1-3180 

0-14042 

7-6 

0-0314 

240 

1-2854 

0-14062 

7-2 

0*0328 
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Av. Temp. 29°C 


table 5 

200 gms. Soil + 1% C as Wheat straw 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

Efficiency 

Avl. P.p. 
gm. 

0 

3*4252 

Light 

0*1729 


0*0272 

60 

3*0584 

0*1833 

28*3 

0*0347 

120 

2*8530 

0*1887 

27*6 

0*0398 

180 

2*6779 

0*1935 

27*5 

0*0443 

240 

2*4709 

0*1926 

27*3 

0*0479 

0 

3*4252 

Dark 

0*1729 


0*0272 

60 

3*1404 

0*1774 

15*8 

0*0224 

120 

2*9837 

0*1797 

15*4 

0*0365 

180 

2*8139 

0*1821 

15*3 

0*0408 

240 

2*6415 

0*1818 

... 

0*0430 


TABLE 6 

200 gms. Soil + 1% C as Wheat straw + Anabaena 
Light 


0 

3*4252 

0*1729 


0*0272 

0*0348 

60 

3*1385 

0*1860 

45*6 

120 

2*9841 

0*1923 

43*9 

0*0401 

180 

2*8063 

0*1998 

43*4 

0*0445 

240 

2*6188 

0*1986 

Dark 

42*2 

0*0479 

0 

3*4252 

0*1729 


0*0272 

60 

3*1403 

0*1774 

15*8 

0*0324 

120 

2*9838 

0*1797 

15*4 

0*0366 

180 

2*8139 

0*1821 

15*3 

0*0407 

240 

2*6416 

0*1819 

... 

0*0431 


0 

60 

120 

180 

240 


0 

60 

120 

180 

240 


200 gms. Soil + 

lABLE 7 
1% Wheat 

straw + Chlorella 


3*4252 

Light 

0*1729 


0*0272 

3*1412 

0*1835 

37*3 

O'OI'bl 

2*9852 

0*1891 

36*5 

0*0402 

2*8074 

0*1939 

33*9 

0*0447 

2*6199 

0*1923 

32*7 

0*0481 

3*4252 

Dark 

0*1729 


0*0272 

3*1405 

0*1774 

15*8 

0*0325 

2*9836 

0*1797 

15*4 

0*0365 

2*8140 

0*1821 

15*3 

0*0409 

2*6414 

0*1819 

*> • . 

0*0431 
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TABLE 8 


Ajs Temp. 29°^ 200 gms. Soil + 1% C as Wheat straw + Tolypothrix 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

EflSciency 

Avl. PjOj gm. 

0 

3-4252 

Light 

0-1729 


0-0272 

60 

3-1398 

0-1867 

48-3 

0-0350 

150 

2-9845 

0-1935 

46-7 

0-0399 

180 

2-8069 

0-2017 

46-5 

0-0449 

240 

2-6196 

0-2008 

... 

0-0479 

0 

3-4252 

Dark 

0-1729 


0-0272 

60 

2-1404 

0-1774 

15-8 

0-0326 

120 

2-9836 

0-1797 

15-4 

0-0364 

180 

2-8140 

0-1821 

15-3 

0-0408 

240 

2-6416 

0-1820 

•• 

0-0430 


table 9 


200 gms. 

Soil + l°UCas 

Wheat straw + 
Light 

0-5% PjOs 

as Tata basic shg 

0 

3-4252 

0-1729 


e-5760 

60 

2-8628 

0-1963 

41*6 

0-6198 

120 

2-6685 

0-2037 

40-7 

0-6447 

180 

2-4005 

0-2143 

40*4 

0-6753 

240 

2-3013 

0-2128 

Dark 

* * • 

0-6941 

0 

3-4252 

0-1729 

. * . 

0-5760 

60 

3-0390 

0-1830 

26-1 

0-6119 

120 

2-8434 

0-1877 

25-4 

0-6387 

180 

2-6373 

0-1911 

23-00 

0-6558 

240 

2-4854 

0-1907 

... 

0-6789 


TABLE 10 


200 gms. 

Soil 1%67 as 

Wheat straw + 0*5% PgOg as 
Light 

T.B.S. + Chlarella 

0 

3-4252 

0-1729 

* *. 

0-5760 

60 

2-9684 

0-1970 

52-7 

0-6213 

120 

2-7160 

0-2092 

51-1 

0-6474 

180 


0-2182 

51-0 

0-6781 

240 

2-4173 

0-2169 

Dark 

. . . 

0-6987 

0 

3-4252 

0-1729 

« • * 

0-5760 

60 

3-3904 

0-1830 

26-1 

0-6118 

120 

2-84343 

0-1877 

25-4 

0-6386 

180 

2-63732 

0-1911 

23-0 

0-6561 

240 

2-48547 

0-1902 

... 

o-mi 
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TABLE 11 

Av. Temp. 29°C 200 gms. Soil + 1% C as Wheat straw + 0*5% 

P 2 O 5 as T.B.S. + Anabaena 


Period of 
exposure 
in days 

Total 

carbon 

gim. 

Total 

nitrogen 

gm. 

Efficiency 

Avl. PjOj gm. 

0 

3-4252 

Light 

0-1729 


0-5760 

60 

2-9604 

0-1985 

55-0 

0-6209 

120 

2-7152 

0-2110 

53-6 

0-6467 

180 

2-5356 

0-2191 

51-9 

0-6769 

240 

2-3866 

0-2183 


0-6979 

0 

2-4232 

Dark 

0-1729 

• • % 

0-5760 

60 

2-0392 

0-1830 

26-1 

0-6116 

120 

2-84343 

0-1877 

25-4 

0-6387 

180 

2-63738 

0-1911 

23-0 

0-6559 

240 

2-48541 

0-1907 

A • • 

0-6788 

200 gm. 

Soil + 1% C as 

TABLE 12 

Wheat straw + 0*5 Ptfi^ as T.B.S, 

+ Tolypothrix 

0 

3-4252 

Light 

0-1729 

• » « 

0-5760 

60 

2-9629 

0-1992 

56-8 

0-6210 

120 

2-7159 

0-2115 

54-4 

0-6469 

180 

2-5366 

0-2200 

53-0 

0-6769 

240 

2-3580 

0-2194 

... 

0-6983 

0 

3-4252 

Dark 

0-1729 


0-5760 

60 

2-0392 

0-1830 

26-1 

0-6117 

120 

2-8434 

0-1877 

25-4 

0-6387 

180 

2-63736 

0-1911 

23-0 

0-6558 

240 

2-4854 

0-1907 


0-6787 

0 . 

TABLE 13 

200 Soil -t“ 1% C as Peat 

Light 

3*4252 0*2486 

0-0272 

60 

3-2003 

0-2548 

27-5 

0-0338 

120 

3-0952 

0*2577 

27-6 

0-0384 

180 

2-9684 

0-2612 

27-5 

0-0429 

240 

2-8309 

0-2608 

» . . 

0-0467 

0 

3'4252 

Dark 

0-2486 


0-0272 

60 

3-2338 

. 0-2514 

14-i 

0-0319 

120 

3*1396 

0-2526 

14-0 

0-0359 

180 

3-0502 

0-2537 

13-6 

0-0397 

240 

2-9538 

0-2534 

... 

0-0-423 
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tAfiLfi 14 


Av. Temp. 29°C 200 gms. Soil + 1% C at Peat + Chlorella 


Period of 
exposure 
in days 

Total 

carbon 

gm* 

Total 

nitrogen 

gm. 

Efficiency Avl. PjOj gm. 

0 

3-4252 

Light 

0-2486 


0*0272 

60 

3-2114 

0-2551 

31*8 

0-0341 

120 

3-1054 

0-2581 

29*7 

0-0388 

180 

2-9885 

0-2615 

29*5 

0-0431 

240 

2-'8634 

0-2609 


0-0469 . 

0 

3-4252 

Dark 

0-2696 


0-0272 

60 

3-2337 

0-2514 

14- i 

0*0320 

120 

3*1397 

0-2526 

14*0 

0-0358 

180 

3-0501 

0*2537 

13-6 

0-0398 

240 

2*9537 

0-2535 


0-0423 

0 

200 gms. 

3-4252 

TABLE 15 

Soil Q as 

Light 
0-2486 

Peat + Anabaena 

0-0272 

60 

3*2203 

0-2554 

33-1 

0-0339 

120 

3-1031 

0-2587 

33-1 

0-0385 

180 

2 9860 

0-2622 

30-9 

0-0429 

240 

2*8579 

0-2618 

... 

0-0467 

0 

3-4252 

Dark 

0-2486 


0-0272 

60 

3-2338 

0-2514 

14- i , 

0-0319 

120 

3*1396 

0-2526 

14-0 

0-0359 

180 

3-0501 

0-2537 

13-6 

0-0397 

240 

2-9538 

0*2536 

... 

0-0422 

0 

table 16 

300 gms. Soil + 1% C as Peat + Tolypothrix 
Light 

3*4252 0-2486 

0*0272 

60 

3-2210 

0-2556 

34-2 

0-0340 

120 

3-1039 

0-2589 

32-0 

0-0387 

180 

2-9877 

0-2625 

31-7 

0-0429 

240 

2*8610 

0-2620 

... 

0-0468 ■ 

0 

3-4252 

Dark 

0-2486 


0-0272 

60 

3-2337 

0-2514 

14- i 

0-0319 

120 

3-1397 

0-2526 

14-0 

0-0358 

180 

3*0500 

0-2537 

13-6 

0-0399 

240 

2-9536 

0-2534 


0-0422 

t 
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•f ABLE 

‘ As tml).29°C 200 gms. Soil + as Peal +• 0-5% PnO^ as 

^ Tala basic slag 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen Efficiency 

gm. 

Avl. PjOj gm. 

0 

3-4252 

Light 

0-2486 


0-5760 

60 

3-1190 

0-2607 

39-5 

0-6132 

120 

2-9510 

0-2673 

39-4 

0-6397 

180 

2-7864 

0-2723 

37-1 

0-6622 

240 

2-6383 

0-2714 

... 

0-6814 

0 

3-4252 

Dark 

0-2486 


0-5760 

60 

3-2049 

0-2530 

19-9 

0-6082 

120 

3-1035 

0-2549 

19-3 

0*6246 

180 

2-9968 

0-2568 

19-1 

0-64} 8 

240 

2-9315 

0-2563 

... 

0-6603 


200 gms. Soil + 1% G as 

table 18 

Peat + 0-5 ’/o PiP^ as T.B.S. Chlorella 

0 

3-4252 

Light 

0-2486 


0-5760 

60 

3-1371 

0-2610 

43-0 

0-6136 

120 

2-9834 

0-2675 

42*7 

0-6399 

180 

2-8366 

0-2725 

40-6 

0*6626 

240 

2-6901 

0-2720 

.. . 

0-6819 

0 

3-4252 

Dark 

0-2486 


0-5760 

60 

3-20496 

0-2530 

19-9 

0-6083 ■ 

120 

3-1036 

0-2549 

19-3 

0-6247 

180 

2*99684 

0-2568 

19-1 

0-6479 

240 

2-93151 

0-2563 

... 

0-6602 


TABLE 19 

200 Soil + 1% C as Peat + 0-5% 

as 

T.B.S. 4- Anabaena 

0 

3-4252 

Light 

0-2486 


0-5760 

60 

3-1338 

0-2615 

44-2 

0-6134 , 

120 

2*9805 

0-2680 

43*6 

0*6397 

180 

2-8333 

0-2732 

41-5 

0-6623 

240 

2-6880 

0-2724 


0-6816 

0 

3-4252 

Dark 

0-2486 


0-5760 

60 

3-2049 

0-2530 

19-9 

0-6082 

120 

3-10352 

0.2549 

19-3 

0-6246 

180 

2-9968 

0-2568 

19-1 

0-6779 


2-93153 

0-2563 

• •• 

0*6604 
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ta6le 2() 

200 gms. Soil + ^ % C as Peat + 0‘5% P^Og as T.B.S. Tolypothrix 


period of 
exposure ■ 
mdays 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

Efficiency 

Avl P^Og 
gm. 

0 

3-4252 

Light 

0-2486 


0-5760 

60 

3-1351 

0-2620 

46-1 

0-6135 

120 

2-9814 

0-2689 

45-7 

0-6399 

180 

2-8343 

0-2748 

44-3 

0-6625 

240 

2-6884 

0-2741 

. . . 

0-6818 

0 

3-4252 

Dark 

0-2486 


0-5760 ' 

60 

3-20494 

0-2530 

19-9 

0-6083 

120 

3-1036 

0-2549 

19-3 

0-6247 

180 

2-9968 

0-2568 

19-1 

0-6478 

240 

2-9315 

0-2563 

... 

0-6604 


Discassioli 


From the experimental results recorded in the foregoing pages it appears that 
when carbonaceous matter wheat straw and peat are mixed with soil and allowt d 
to undergo slow oxidation in air^ there is an appreciable increase in the nitrogen 
content and available phosphate of the soil. Both oxidation of carbon, fixation 
of nitrogen and availability of phosphate are enhanced by the addition of Tata 
basic slag and always found to be greater in light than in dark. In these experi- 
ments the solvent action of organic matter seems to be chiefly due to the production 
of carbonic and organic acids formed during the oxidation and decomposition of 
(^anic substances. Small quantities of nitrous and nitric acids formed during the 
ammonification and nitrification of nitrogenous conapounds may also favour this 
reaction. 

+ 2H^GO^ = 2 GbHPO, Ga (HGOs)^ 

Gag (PO ^)2 + 4 HNO 3 - 2 Ga (NOg)^ + Ga 

The first dissociation constants of citric, tartaric, oxalic, acetic and butyric 
acids are much higher than the second and third dissociation constants of phos- 
phoric acid and these acids can easily convert the triortho salts of alkaline earth 
phosphates into di- and mono- phosphates. As regards carbonic acid, its first and 
second dissociation constants are much higher than the third dissociation constant 
of phosphoric acid, carbonic acid converts the tricalcium phosphate into di calcium 
phosphate which is more soluble than tricalcium phosphate. Thus the availability 
of phosphate is increased in the soil rich in carbonic acid obtained from the 
oxidation of organic substances. 

Dhar^° has shown that when carbonic acid is passed through a suspension 
of basic slag, rock phosphate, tricajeium phosphate and dicalcium phosphate the 
sniount of PgOs passing into sofution increases. Struthers and Sieling 
Bradley and Sieling^^ and Swenson, Gole and Sieling^* have assigned a 
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specific roie to organic matter in making pkosphates more readily available 
and Robins ^ Kurtz etal^^ and others^^^i’^is have observed that certain *or^ 
ions are effective in extracting phosphate from soil. 

Furthermore, the experimental results show that the efficiency ofnitr 
fixation, which is defined as the number of milligrams of nitrogen fixed^^ 
grain ol carbon oxidised, is always found to be greater in sets inocn^ 
cd with algae than those without it. With Anabaena and Tolypothrk tW 
efficiency is always found to be greater than that with Ghlortlla* This ‘ 
because along with carbon saving, both Anabaena and Tolypoihiix being nitroe^ 
fixers, are able to increase the nitrogen content of the system, thus giving ahi^ 
efficiency. ° 

In the sets inoculated with algae, some saving of carbon and a small incieafe 
in nitrogen was always found in light, though in the dark, there was no significant 
difference in the carbon and nitrogen status of the systems. The order of carbon 
saving was Ghlorella > Tolyphthrix > Anabaena. Along with the saving 4 
carbon, nitrogen fixation by these algae, the availablity of phosphate is greater k 
the inoculated sets than in the uninoculated ones. The increase in the availabfc 
phosphate by the inoculation of algae may be due to that algae excrete otc 
organic acids which might dissolve some of the phosphate. In addition tk 
organic phosphorus of the "nucleic acid and nucleotide etc. of the algal material 
may be made available by the df phosphorylation. Thompson and Black^® 
a^e of the .opinion that dephosphorylation of these materials in soil might provide 
crops wiih appreciable amounts of phosphorus during the growing season. 

In sets inoculated with Ghlorella there is a slight greater increase in nitrogen 
than in control. It is interesting to note that though the Ghlorella is not a fixer of 
nitrogen, even then it shows a small fixation of nitrogen in light. The probabk 
reason of this seems to be that in soils Ghlorella lives in symbiosis with nitrc^cn 
fixing organism Azotobacter^o and during this process it supplies the Azoto- 
bacter with carbohydrate and the bacteria in turn, fixes nitrogen. 

In the sets inoculated with Tolypothrix add Anabaena, there is appreciable 
incre ise in the nitrogen contents over that of control, and Ghlorella sets, thereby 
having better efficiency, the increase being greater in the case of Tolypothrix than 
in that of Anabaena. Ibis is in agreement with the general observation nmde 
by various algologists that Tolypothrix is a better iSxer of nitrogen than Anabaena. 

It is therefore concluded from our investigations that though algae c^ fix 
some atmospheric nitrogen in the soil, the amount is small and almost ncgl^Tik 
in comparison to that fixed by organic materials undergoing slow oxidation in & 
presence of light. 
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Influence of temperature on the hydrolysis of some 
naturally occurring rock phosphates and 
basic slags in conductivity water 

By 

N. R. DHAR, G. N. PANT & R. G- KAPOOR 
Sheila Dhar Institute of Soil Science^ University of Allahabad 

Abstract 

It has been observed that Trichinopoly, Bihar and Algerian rock phosphates, 
and Tata, Kulti, German and Belgian basic slags are hydrolysed in conductivi^ 
water with the liberation of phosphoric acid and lime. The amount of phosphoric 
acid and lime passing into the solution increase with temperature. The results 
also show that more of lime than phosphoric acid passes into the solution with kll 
these rock phosphate s and basic slags. Therefore, these results establish that these 
naturally occurring rock phosphates and basic slags can serve both as liming agent 
and phosphatic fertilizer. 

Introduction 

The solubility of phosphatic fertilizers in water is probably the most widely 
operating factor influencing the ability to supply phosphorus to plants. In Ttecat 
years a number of workers^’® have recommended the use of finely ground rock 
pho phates as fertilizer. The use of basic slag, a by-product of steel industry, 
as a fe rtilizer, started in 1884. The consumption of basic slag as a phosphatic 
fertilizer is second only to that of superpho'^phate. 

Basic slag is a compound of tetra-calcium phosphate, silico-phosphate and 
silicates of lime and magnesia. According to Wagner^' higher percentage of 
silica in basic slags increases the availability of by 10-30%, Russell^® 

remarked that sllico-phosphate oi basic slag will have different physiological 
action in the soil than ordinary mineral phosphates. According to Cameron & 
BelP^ the efficiency of basic slags depends upon the degree of fineness to which 
it is ground. In addition to the present, basic slag is valued for its content 
of lime, magnesia and some trace elements, which play an important role as soil 
conditioners and fertilizers. 

According to Marshall, Reynolds, Jacob and Rader’ ^ the available 
in calcined phosphate rock is 30% as against 20% in super phosphate. Hall and 
Morrison’® observed that due to the presence of silica in basic slags, the phos- 
phorus in slags is more effective than that in other phosphatic fertilizen. 
Scidenstucker’^ apprehended that whole of P^Og present in basic slags maybe 
soluble in water, but Walter’® remarked that large quantities of water would 
be needed for the complete removal of P20g from basic slag. According to 
Sherman and Grant’® the pH of the powdered slags varies directly with the 
number of excess moles of CaO present in the slag. 

A survey of the available liteiature reveals that the influence of temperature 
on the hydrolysis of rock phosphates and basic slags has not been investigated, 
goj an attempt has been made by the authors to study the effect of temperature op 
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Ta.. K«^ 0.^ ^ 

Experimental 


were 


analysed!’ and^TeVcompthC^ s W t tebS " 


OTrcrtigatitm 


table I 


Rock Phosphates and 
Basic Slags 

1. Trichinopoly 
rock phosphate 

2. Bihar rock 
phosphate 

3. Algerian rock 
phosphate 

4. Tata basic slag 

5. Kulti basic slag 

6. German basic 
slag 

7. Belgian basic 
slag 


Sio, 

% 

P»o, 

% 

A1,0, 

% 


GaO 

% 

MgO 

% 

10-30 

27-60 

22-51 

4-01 

21-34 

1-75 

5-65 

27-96 

21-18 

3-87 

11-95 

0-78 

4-66 

26-11 

0-30 

0-25 

13-18 

2-08 

18-22 

23-00 

16-04 

7-60 

4-49 

17-85 

3-72 

3-05 

2-38 

15-05 

14-33 

14-05 

37-® 

45-^ 

43-60 

5- ^ 

6- K 
5-02 

17-01 

16-65 

2-81 

16-44 

41-08 



2. Solubility determination in water: 1 *00 em. of 

slag, sieved through a 200 mesh sieve, was taken in Jena\ksste«^*!i^!^‘' 
of conductivity water were added to it. It was shaken in^n ^OQml. 

one hour at the laboratory temperature. It was then nlaced in a shaker for 

tainedat30°, 50° or 70°C for 5 hours af^r wh^Y “ain- 

through a sintered funnel attached to a filtration flask anT^surt* filtered 
solubilities at temperatures 5° and 100°G, a Phillips refrie^tor ^°H 
were used. Aliquot portions of the filtrate were utilised1hrt},^°'^ 

and lime.!« With another portion of th7atrat nS of 

conductivity measurements were carried out. electrical 

A portable Cambridge pH meter and "Leitfahigieitnsmesspr” • 
conductivity bridge (Laboratory model S. No. 177) were ukserSf 
ductivity determination respectively. “ “ " Oo^ 

Result and Discussion 

The results recorded in Tables 2a and 2b show that rock nhn«^^„<- 
basie slags when shaken with water are hydrolysed and liberate 
phoshporic acid and lime into the solutU.^ mremUs SrtW 

solutions ofnaturally occurring rock phosphates and basic slags are 

m hme than phosphoric acid. German and Belgian basic sla^f W T? 

soluble phosphates than Indian basic slags which is due to*”t^ 
feet that foreign basic slags contain more of PjO^ than TaU or Kulti bal s^ ^ 

f 3^7 ] 



XrichinopoJy Rock Phojphat 



*. the rock phosphates have been observed to Contaih more fedluMe phos- 
phate than Tata and Kulu basjc slags. With Trichinopoly, Bihar and Algerian 
rock phosphates lesser amounts of lime pass into the solution than all'the four 
basic slags. 


, j solutions of rock phosphates and basic slags are on 

the alk iline side and further shows an increase with temperature unlike the 
behaviour oi calcium phosphate, whose pH d'. creases with temperature 
The increasj in pH with temperature is a consequence of the solutions becoming 
richef in lime than P. 2 O 3 . The electrical conductivity of the aqueous solutions of 
rock phosphates and basic slags show an increase with temperature. This may be 
due to the progressive liberation of Mg^^ and OH- ions in 

solutions by the basic slags and rock phosphates. 


When these rock phosphates or basic slags are' added^ to the soil, ‘the lime 
present in them readily decomposes phosphates of iron, • aluminium, titanium 
etc. as follows : ^ 


2 FePO^ + 3 Ga (OH)^ - Ga 3 (POJ^ + 2 Fe {OH )3 
2 AlPO, + 3 Ga (OH)^ = Ga^ {POJ, + 2 A1 (OH), 

Tis (POJ^ + 6 Ga (OH)^ - 2 Gaa (FOJ^ + 3 Ti {OH )4 

Thus, the basic slags and rock phosphates not only act as fertilizers by 
supplying small amounts of phosphoric acid on hydrolysis but also become pro- 
Jucers of tri -calcium phosphate, which when freshly formed is a good source of 
available phosphates. Moreover, the low solubility of rock p^sphates and 

basic slags favours their availability over prolonged periods instead of restricting 
them to a single growing season, as is the case with soluble phosphates. For the 
same reason, in areas of heavy rain fall the basic slags and rock phosphates are less 
prone to leaching losses. 
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Influence of Carbonic Acid on the Solubilization of sonie 
naturally occurring rock phosphates and basic slags 

By 

N. R. DHARj G* N. PANT & R, G. KAPOOR 
Sheila Dhar Institute of Soil Science, University of Allahabad 

Abstract 

It has been observed that Trichinopoly, Bihar and Algerian rock phosphates, 
and Tata, Kulti, German and Belgian basic slags are decomposed lo an appreci- 
able extent by carbonic acid solutions. The increase in the solubility of these 
rock phosphates and basic slags is due to the fact that tricalcium phosphates 
present in them is converted into more soluble mono- and di- calcium piiospiiatcs 
and calcium bicarbonate. The rather abnormal increase in the solubility of basic 
slags has also been attributed to their silica content. 

The amounts of soluble phosphoric acid and lime passing into the solution 
with rock phosphates have been observed to be smaller than Tata, German and 
Belgian basic slags in saturated solutions of carbonic acid. Therefore, it can be 
concluded from these results that basic slags are decidedly better fertilizers than 
naturally occurring rock phosphates. 

Introduction 

The various extraction methods to determine the availability of phosphate 
in soils have been based on the fact that plants can utilise different forms of 
soluble phosphates. The use of carbonated water has long been advocated for 
soil testing on the basis that plant roots produce GO^ 1*^1, hlachigin <|uoted by 
Brind*2 found that bubbling carbon dioxide for 2 hours through a 1:100 water 
suspension gave a better correlation with crop response to phosphorus than did 
the nitric acid method of Von Sigmond^ or the 1% potassium carbonate method of 
Das^* 

Both carbonic and phosphoric acids have been found to play an important 
part as natural buffer mixtures in regulating the acidity of the soil as well as in 
the animal body. Moreover, in soil rich in organic matter, there is always 
appreciable production of carbonic acid which would react with the phosphate and 
thus give an indication of the availability of the phosphates. 

In view of the above an attempt has been made by the authors to study the 
solubilisation of Trichinopoly, Bihar and Algerian rock phosphates and Tata, 
Kulti, German and Belgian basic slags, in carbonic acid solutions. 

Experimental 

1 . Sample : The Composition of all the naturally occurring rock phosphates 
and basic slags utilised in^ these experiments is the same as described by the 
authors in their communication® dealing with the influence of temperature on the 
hydrolyds of these materials. 
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2. Solubility determinations : 1*00 gm of the rock phosphate or basic slag was 

sjiakenwith 100 ml of carbonic acid solution in a 250 ml. Erienmeyer ' flask for 
hour in a mechanical shaker and then allowed to stand in a thermostat main- 
teined at 30°G for five hours. After this the solution was filtered and aliquot 
Tjortions were utilized for the estimation of and lime® and the deter* 

lotion of pH and electric conductivity. 

The pH of the solutions were determined by Portable Cambridge, pli meter 
and the electric conductivity by ‘‘Leitfahigkeitnsmesser” magic eye conductivity 
bridge. 

Carbonic acid solutions were prepared by bubbing carbon dioxide in double 
distilled water for 1 hour, 2 hours, 3 hours, 5 hours and 24 hours and their 
strengths were determined by titrating against standard baryta solution^ 

Result and Discussion 

The solubility of rock phosphates and basic slags has been found to increase by 
the action of carbonic acid solutions. Results show that even small concentrations 
of carbonic acid are able to decompose the phosphate presmt in basic slag to an 
^appreciable extent. The amounts of P2O5 passing into the solution with Tata, 
Kulti, German and Belgian basic slags in water at 30®G are 0^0487, 0^0287, 0*1163 
and 0d002 millimoles per litre r aspect ively\ This shows that the PjOg solubility 
approximately increases 10, 5^, and 6 times in saturated solutions of 
c^bonic acid for Tata, Kulti, German and Belgian basic slags respectively. The 
CaO concentrations also markedly increase with all these basic slags. The 
amounts of GaO passing into the solution at 30^G with Tata, Kulti, German and 
Belgian basic slags in water are l*lfc64, 1*9900, T8253 and 1*6344 millimoles per 
litre respectively‘\ It is evident from these values that the percentage increase of 
p^Og is greater than that of CaO. 

There has been a slight increase in the solubility of Trichinopoly, Bihar and 
Algerian rock phosphates in carbonic acid solutions. The amounts of P2O5 and 
GaO gradually increase in different concentrations of carbonic acid. The results 
show that the solubility of rock phosphates is much less pronounced than that of 
basic slags. The amounts of P^Os and CaO passing into the solution in saturatr d 
elution of carbonic acid with all these rock phosphates are smaller than with 
Tata, German and Belgian basic slags. Thus from Carbonic acid solubility 
point of view basic slags appear to contain more available phos- 

phates. These results, therefore, establish that if carbonic acid is used as a yard* 
stick, basic slags are decidedly better fertilizers than naturally occurring phosphate 
rocks because they can serve both as a phosphate fertilizer and a liming agent 
in soils which are deficient in lime or suffer from the excess of acidic salts. 

Lyon and Buckman^ have attributed the dissolving action of carbonic acid 
on rock phosphates and basic slags to the following equations : 


Rock phosphate 

[ Gas ] 3 GaCOa -j- eHjGOj = 3 Ga (HaPO,)^ + 7 GaGOg. 

Basic Slag 

(CaO)6. PaOg. SiOj+S COa+6 HaO= Ga(HaP04)a+4 Ga(HG03),+SiO,. 
It appears from our experimental results that as these materials contain free 
lime and calcium carbonate in considerable quantities, a ° r , evp.,., 

converts them to more soluble calcium bicarbonate, whic a 

^ lime in the solution. Moreover, the conversion of tricalcmm phosphate present 
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in these materials to calcium bicarbonate by another part of the carbonic a M ‘ 
possible because the first dissociation constant of phosphoric acid (K =1*0 v 
Ka == 7-5* X 10-8 and Kg 4*8 x lO-’*) is considerably higher than the tot 1 
dissociation constant of carbonic acid (K^ = 3*5 x lO-’and K^^ := 4*4 x in-i^ 
The conversion of this tricalcium phosphate to more soluble mono- and di~ cal * * 

phosphates is responsible for the increase in the solubility of these material 
But this alone does not seem to explain the rather abnormal increase in th * 
solubility of basic slags. Therefore, we are of the opinion that this is due to th 
complex composition of the basic slags. It is likely that silica in the form in which 
it present in basic slags plays a major role in rendering the lime and phosphate of 
slags soluble in presence of carbonic acid. ^ 
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Effects of glucose and peat on the solubilisation of some 
naturally occurring rock phosphates and basic slags 

By 

N. R. DHAR, G, N. PANT AND R. G. KAPOOR 
Sheila Dhar Institute of Soil Science^ Unioer^ity of Allahabad^ Allahabad 

Abstract 

The solubility of Trichinopoly, Bihar and Algerian rock phosphates, and 
Tata, Kulti, German and Belgian basic slags has been found to increase mark^ly 
in presence of decompoising glucose and peat with lapse of time. This is due to 
the fact that various organic acids and carbonic acid which are produced duiing 
the decomposition of these organic matter play an important part in the conversion 
of less soluble tricaicium phosphate present in these materials to more solubte 
mono- and di- calcium phosphates. These results aie also supported by the 
electric conductivity measurements. The increase in the solubility is much more 
in the glucose system than in the peat system. It has been observed that 
there is a definite correlation between the pH of the system and the amoimt ot 
P^Og released in solution. 

Introduction 

From times immemorial organic matter has been profitably applied in crop 
production. In the recent paper Stelmach^ has discussed the effect of organic 
matter on soil fertility. Moreover, Wu and Ma^ have reported that organic 
manures in soil increase external surface area, decrease electrophoretic velocity, 
decrease phosphorus fixation, increase content of easily released ammonia and 
increase available water holding capacity. Gollings® has rightly emphasised 
the importance of organic matter as ‘‘Nearly all soils are benefitted by the addi- 
tions of suitable organic matter, no matter how much they contain. It is a well 
known fact that soils high in organic matter contain more phosphorus readily 
available to plants than do soils low in organic matter.” 

Dhar et al^ have established that organic substances like molasses, sugars, 
straw, peat, finely divided bituminous coal etc. not only improve physical struc- 
ture of the soils but undergo slow oxidation to liberate energy which is utilised 
infixing atmospheric nitrogen and enriching the nitrogen status of soil. They 
have further observed that in the presence of large amounts of calcium phosphate, 
finely divided basic slags or rock phosphates more or less stable phospho-proteins 
are formed by the combination of protein and phosphorus compounds and they 
resist the loss of nitrogen. Moreover, all the plant nutrients ue, nitrogen, potash, 
phosphate, lime and trace elements are supplied to crops by this mixture and the 
fertility of the soils is greatly enhanced. 

The advantages of adding organic matter along with phosphatic fertilizers 
are widely realised. This information has bten derived from the plant uptake and 
response data. Dhar^ Levin^, Sandhofi’ and others^'^^ j^ave reported that by 
the addition of phosphate and organic matter to the soil much better results are 
obtained than either of them when used alone. Observations made by Cope land 
and Merkle^^ Midgley and Dunklee^^ and others^ have indicated that organic 
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matter increases the availability of soil phosphates and rock phosphates when 
added to soil as a fertilizer. 

In view of the above literature, authors made an attempt to study the 
solubilisation of Trichinopoly, Bihar and Algerian rock phosphates, and Tata, 
Kulti, German and Belgian basic slags in presence of decomposing organic matter 
like glucose and peat. 

Experimental 

1. Sample : The composition of rock phosphates and basic slags utilised in 
this investigation is the same as described by the authors^^ in liieir paper deah 
ing with the influence of temperature on the hydrolysis of these materials, 

2. Solubility determinations : gra oi the rock phosphates or basic slags, 

sieved through a 200 mesh sieve, was taken in 250 mi Erlenmeyer Basks, To 
these 0*4 gm carbon was added as glucose or peat. 20 ml of distilled water were 
added and the moisture content was maintained throughout the experiment. The 
flasks were kept under 500 watt bulb hung at a distance of two feet from the flasks. 
Different sets of flasks were used for different intervals of time. The contents of 
th 1 flasks was stirred daily. After definite intervals of time, the total water con* 
tent of the flasks was made up to 100 ml. The flasks were then shaken for one 
hour in a mechanical shaker and then allowed to stand for some time. The con- 
tents were then filtered. Aliquot portions of the filtrate were utilised for deter- 
mining lime pH and electric conductivity. 

For the estimation of PaOg and lime aliquot portion of the filtrate was taken 
in a 250 ml beaker and to this were added 5 ml of cone. HNO^ to oxidise the 
organic matter. The solution was evaporated to dryness. The process was 
repeated till the whole organic matter was oxidised. The residue was then 
moistened with 5 ml of cone. HNOg and warmed to dissolve the residue. The 
solution was then diluted and then used for estimating P2O5 and lime. 

The glucose and peat utilised in these experiments contained 39*94 and 
34*56% total carbon respectively. 

KesulC and Discussion 

From the data recorded in the Table \a and \b the effect of decomposing 
organic matter viz, glucose and peat on the solubility of naturalJy occurring rock 
phosphates and basic blags becomes evident. The results show that the increase 
in the solubility of ail these materials is much more in glucose system than in peat 
system, which is due to the fact that glucose being soluble carbohydrate is readily 
oxidised whereas peat is not easily oxidised. 

The pH of the solutions has been found to decrease with lapse of time. The 
results show that there is more fall in the pH values with the glucose system than 
with the peat system. Similar trend occurs in the release of by these systems. 
This clearly indicates that there is a difinite correlation between the pH of the 
system and the amount of P^Og into the solution. Lower the pH of the system 
more is the amount of P^Og in the dissolved state. 

The electrical conductivity measurements show that there is an increase in 
tht values 'With the passage of time. The increase in the electrical conductivity 
of the resulting solutions^ of basic slags and rock phosphates with the decomposi- 
t ion of glucose and peat is due to the fact that more ions are passing into the 
solution with lapse of time. These ions are furnished by the dissolving rock 
phosphates basic slags as well as the decomposition products of these organic 
luostances t.e. organic acids produced as intermediate products‘*‘^>2i and final 
product carbonic acid. 
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it has been observed that the amounts of passing into the solution witli 
Tata, German and Belgian basic slags are always greater than with Trichinopolv 
Bihar and Algerian rock phosphates. Thus in the presence of decomposing or^fc 
matter basic slags appear to contain more available P 2 O 5 than naturally occi^ina 
rock phosphates. Also, greater amounts of lime, have been observed to pass into 
the solution with basic slags than with rock phosphates. These results, there- 
fore, point out the great utility of basic slags, both as a phosphatic fertilizer and 
as a liming agent. 

It is interesting to note that in crop production all over the world basic slags 
haveb^en found to be more efiScient than rock phosphates. Results obtained at 
Kentucky Experimental Station indicate that basic slag is 85 to 100% as "effective 
as superphosphate. 

Dhar and cowoikers^^ have recently advanced the view that the applica- 
tion of organic matter along with phosphates improves the soil fertility. They 
have further observed that the available phosphate status of soils increases marked- 
ly when decomposing organic matter is supplemented with basic slags or naturally 
occurring rock phosphates. This observation is in agreement with our experimm- 
tal findings. Similarly Selezn’ov^^ reported that the addition of peat increased 
phosphorus availability in soils. Hsu and Yeu^^ observed that in green housi 
experirnents application of peat in some cases increased yields and soil physical 
properties were also improved. 

The increase in the solubility of rock phosphates and basic slags is due to 
the fact that tri*calcmm phosphate present in them reacts with carbonic acid 
formed during the decomposition of organic matter, according to the following 
equations : ° 

GajCPOija + 2 HaG 03 = 2 GaHP 04 4-Ga(HG03)a 
2GaHP03 + 2H3GO3 = Ga(HaPOJa -j- Ga{HG03)a 

Siimlar reactions may take place with organic acids which are also produced 
during the oxidation of glucose and peat. Thus the less available phosphates of 
calcium present in these materials are made available to plants due to the forma- 
^ud di- calcium phosphates in presence of decomposing organic 

Thus It can be concluded from our experimental results that the future of 
permanent agdculture all over the world depends upon a proper utilisation of all 
^ask ^ags mixed with naturally occurring rock phosphates or 
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Studies in Alkali Soil Profile 

By 

N. R. DHAR & G. P. SRIVASTAVA 
Sheila Dhar Institute of Soil Science^ University of Allahabad^ Allahabud 

Abstract 

The alkali soil profile collected from Phulpur, (Allahabad) is characterised 
by marked horizon difierentiation, accumulation of exchangeable bases in the lower 
ho rizonsj dominance of soluble Na over Ga and Mg cations and of carbonate 
and bicarbonate over chloride and sulphate anions and increase of clay content 
from top to lower horizons. 


The result of soil forming forces working for long periods of time is the 
g, adual differentiation of layers or horizons within the parent material. Collec- 
tively these horizons are called a ^Trofile’\ Since the soil profile represents the 
rLsult of all the soil forming processes, it is the natural unit of study. Raychau- 
dhaii and Coworkeis^ have shown that the saline soils of Delhi state are 
characterised by the absence of horizon differentiation and structural formation. 
The main anions present in the saturation extracts of these soils were chloride and 
sulphate. Mehta^ observed that in the long area of the Punjab, there was invari- 
ably a salt bearing layer, some distance below the surface, the main salt being 
sodium sulphate. 

The nature of saline and alkaline soils of Indian Indo-Gangetic alluvium has 
been studied by Mukherji, Agarwal and Mukherji®, Mukherji and Agarwal^ 
Agarwal and Mchrotra® and by Agarwal and Yadava®, Recently Dhar and Singh^ 
studied the saline and alkaline soils of Rajasthan state and found that these soils 
possess characteristic properties of the degraded chernozem soil types of Russia. 

With a view to elucidate the process of the formation of the alkali soil in this 
area of Allahabad district, the present investigations were undertaken. 

Experimental 

The profile for the present investigation was brought from a village situated 
at a distance of 18 miles from Allahabad. The horizons were first determined by 
colour differences and these were further subdivided according to the structure, 
texture and concentrations and samples were taken from each of these subhorizons. 
Soil sampling was carried on by digging the two sides upto a depth of 6'' and 
taking out 12"' < 6^ X 6'^ pillar like soil columns, avoiding any mixing of the 
representative samples. Ironoxide and sesquioxide were estimated by the 
methods described by Wright®. Calcium, magnesium, potassium and phosphorus 
were estimated by the methods described by Piper®. Carbon and nitrogen were 
estimated by Robinson, McLean and Williams method^® and salycylic acid reduc- 
tion method^^ respectively. CaGOs equivalent and soluble salts were determined 
by Richards method^ Hissink’s method^® was used for the determination of 
exchangeable calcium and magnesium, exchangeable sodium was determined in 
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nunonmm acetate extract by Kahane’s methodic and potassium in sodium chloride 
extract by the described by Piper®. Electrical conductivity was detcr- 

juined by a Leeds and Nor^up Pt-Ir drum type bridge method’® ^ pH was 
determined by Becknmn pH meter . Pipette method’" was followed for mechani- 
cal analysis of soil. Dispersion factor Was determined by Puri’s method’* Per 
meability and water holding capacity were determined by the method quoted hv 
Piper*. 1 r 




Description of the Profile 


Date of collection 

State 

Country 

Soil type 

Geographical land-scape. 

Geology ^ 

Microrelief 


Condition and culture. 


20th March, 1962 
Uttar Pradesh. 

India. 

Alkali. 

About two and a half nules from Babagarj 

Bus station ,PhuIpur)., Allahabad. 

Alluvial ■Origin. 

Plain field where notlung was grown dim to 
aJkaliniiy and which we selected loi our 
neld experiments. 

Whitish patches all over the area. Few 
patches of grass like Gyanoden dactykm 
were observed. Unfit for cultivation due 
to alkalinity. 


TABLE 1 


Morphological features of the Alkali soil profile 


Horizon 

Depth in inches 

Description 

A 

0-6 

Whitish grey, sandy loam, friable, drj?, few 
grass roots present, alkaline in reaction. 

B 

6-18 

Brownish gray with whitish, patches, sandy 
loam, hard, porous, dry, alkaline in reaction. 

Bi 

18 30 

Dark grey, clayey loam, structure! ss, compact, 
dry, small size calcoreous nodules pres- nt, 
alkaline in reaction. 

Bs 

30-42 

Brownish grey, clayey loam, structureless, com- 
pact, dry, big size calcareous nodules present, 
alkaline in reaction. 

Bs 

42-54 

Yellowish clayey loam, structureless, compact, 
dry, big size calcareous nodules present, 
alkaline in reaction. 

Co 

54-66 

^ ellowish brown, sandy loam, soft, sticky, dry, 
big size calcareous nodules present, alkaline 
in reaction. 

c, 

66-78 

Light yellow, sandy loam, soft, sticky, wet, big 
size calcareous nodules present, alkaline in 
reaction. 
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TABLE 2 

Percent chemical composition of the alkali soil profile 



0-6 

6-18 

DEPTH IN INCHES 
18-30 30-42 42-54 

54-66 

66-78 

Loss on ignition 

2-65 

2-82 

3-04 

4-80 

5-10 

5*30 

3-62 

HCi insoluble 

84-32 

83-40 

81-25 

41-95 

68-05 

75-86 

79-00 

Sesquioxide 

7-15 

8-12 

10-34 

13-25 

11-30 

11-82 

10-65 

FejOg 

4-12 

4-45 

4-62 

6-50 

4-90 

5-32 

5-82 

CaO 

1-26 

1-24 

1-28 

5*45 

11-20 

5-25 

4-96 

MgO 

1-23 

1-33 

1-45 

1-65 

1*80 

0-60 

0-58 

K^O 

0-79 

1-15 

1-30 

1-52 

1*86 

0-80 

0-72 

PaOs 

0-135 

0-145 

0-168 

0-170 

0-186 

0*138 

0-126 

GaG 03 equivalent 

2-48 

1-75 

2-20 

10-50 

17-00 

10-35 

4-42 

Garbon 

0-2108 

0-1946 

0*1805 

0-1802 

0-1778 

0-1776 

0-1568 

Nitrogen 

0-040 

0-040 

0 034 

0-030 

0-030 

0-026 

0 -u26 


TABLE 3 

Composition of the saturation extract of the aliali soil profile 
(Soluble cations and anions of the saturation extract m.e‘,/litre) 


0-6 

6-18 

DEPTH 

18-30 

IN INCHES 
30-42 42-54 

54-66 

66-78 

Saturation % 

54-00 

56-20 

58-00 

60-52 

57-50 

52*00 

48-20 

Ga-^-^ 

144*50 

148-60 

150-20 

185-40 

160-00 

125-20 

85-40 

Mg++ 

70-60 

71-40 

72-20 

74-80 

73-50 

' 71-00 

62-70 

Na+ 

1650-20 

1662*50 

1250-50 

1160-20 

954-40 

856*50 

640-20 

K+ 

0-85 

1-20 

0-96 

0-90 

0-72 

0-56 

0-50 

Total cations 

1866-15 

1883-70 

1473-86 

1421-30 

1188-60 

1053-36 

788-50 

COg 

546-50 

538-60 

440-60 

425-60 

340-40 

298-50 

215-50 

llGOg- 

580*00 

596-40 

492-80 

476-40 

365-60 

325-40 

226-40 

ci- 

418-50 

420*40 

315-40 

308-60 

286-60 

262-40 

198-00 

SO 4 - - 

320-20 

323-60 

218*60 

210-20 

185-40 

152-00 

132-50 

Total anions 

1865-20 

1979-00 

1467-40 

1420-80 

1178-00 

1038-30 

772*40 
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table 4 

Exchangeable bases in alkali soil brofils 
DEPTH IN INGHkS 


Base exchange 
capacity m.c. “/ 
Exch. Ga, m.e. % 
Exch. Mg., m.e. % 
Exch. K, m.e. % 
Exch. Na. m.e. % 
Ca-saturation 
ratio % _ 
Nar-saturation 
• ratio % 

Exch. Na 
Exch. Ga. 


0-6 

6-18 

18-30 

30-42 

42-54 

54-66 

66-78 

14-54 

15-65 

17-30 

19-65 

15-52 

12-23 

11-45“ 

4-62 

1-70 

0-20 

7-52 

31-70 

5-23 

1-55 

0-26 

7-85 

33-20 

6-65 

1-95 

0-28 

8-05 

38-40 

8-05 

2-75 

0-32 

8-42 

40-90 

7-15 

2-62 

0-36 

4-26 

46-00 

5-25 

2-46 

0-30 

2-65 

42-90 

4-85 

2-40 

0-34 

2-42 

42-30 

51-80 

50-10 

46-50 

42-80 

27-40 

21-60 

21-10 

162-70 

150-00 

121-00 

104-50 

59-50 

50-40 

49-80 


TABLE 5 



0-6 

6-18 

DEPTH IN INGHES 
18-30 30-42 42-54 

54-66 

66-78 

Electrical conduc- 

11-85 

12-20 

11-75 

11-02 

10-32 

9-20 


tivity in 25'^G 

M.mhos/cm at pH 

9-30 

9-50 

9-40 

9-20 

9*10 

9-00 

8*80 

Soluble sodium % 

88-40 

88-20 

84-80 

81-60 

80-20 

81-30 

81-10 

Sodium adsoip- 

159-28 

158-63 

118-64 

101-77 

88-37 

86-51 

74-59 

tion ratio 

Exch. sodium ratio 

0-93 

0-99 

1-14 

1-33 

2-64 

3-61 

3-73 


table 6 

Mechanical analysis, water holding capacity, dispersion factor and permeability of 

alkali soil propLe 


DEPTH IN INGHES 



0-6 . 

6-18 

18-30 

30-42 

42-34 

54-66 

66-78 

Coarse sand % 

(2-0 -0-2 mm.) 

8‘45 

2-62 

2-40 

1-65 

1-70 

9-46 

17-54 

Fine sand % 

(0-2 -0-2 mm.) 

43-50 

40*00 

25-24 

21-45 

22-45 

38-54 

48-62 

Silt % 32-50 

(0-02 - 0-002 mm.) 

40-20 

47-52 

49-82 

48-32 

26-62 

20-42 

Clay % (Less than 
0*002 mm.) 

13-10 

15-10 

21-62 

24-45 

23-42 

23-35 

8-82 

Water holding 
capacity 7o 

46-25 

48-54 

58-65 

54-42 

51-25 

43-43 

37-54 

Disperson factor 7o 

15-35 

16-70 

19-52 

20-20 

17-62 

15-40 

13-62 

Permeability c.c. 
per hour 

4*20 

3-80 

3-00 

2-80 

3-40 

5-50 

7-60 
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Discossion 

Tiic clicniicis^l composition results litivc been recorded in t&ble 2, Tbere is 
a significant increase in the sesquioxide and iron oxide contents from top to fourth 
horizon ^30-^2"). The lime and magnesia contents are very low in the top 
horizons but increase in the lower horizons indicating leaching down of these bases 
from the top horizon and their accumulation in the lower ones. Calcium car- 
bonate percentage increases with depth and is ^ highest ^ in the fifth horizon 
(42-54^). Calcium under the influence of leaching mobilizes into the lower 
horizons of the alkali soil profile and is precipitated there as CaCO, due to 
alkalinity which is evident as Kankar in the morphological features of the profile 
(table 1). The soil is poor in organic carbon and total nitrogen contents. The 
percentage of phosphate and potash is very low. 

Analysis of the saturation extract of this profile (table 3) shows that 
amongst the cations, soluble sodium dominates the divalent cations Ca and Mg 
and that amongst the anions, carbonate and bicarbonate dominate chloride and 
gulphate. Thus makes the soil alkaline. 

Results obtained for exchangeable bases are recorded in table 4. The base 
exchange capacity of the layers (6-18"), (18-30 '), (30-42") and 42-54' )is 
greater than in the other horizons. This may be due to the accumulation of clay 
colloids in the above mentioned horizons. The amount of exchangeable sodium 
is high exceeding the amount of exchangeable divalent bases Ga and Mg. Con- 
centration of exchangeable Ga and Mg is highest in the lower horizons, which 
may be due to the fact that the cations might have leached down in the lower 
layers. Ga-saturation ratio varies from 31-7 to 46-0% and Na- saturation ratio 
varies* from 51-8 to 21-1%. The ratio of adsorbed sodium to calcium varies from 
49-8 to 162-7 Taylor and Mehta^® reported that deterioration of the soils of the 
Punjab is chiefly due to the formation of a zone of accumulation of soluble salts. 

Table 5 shows that electrical conductivity and pH decrease from top to the 
bottom after the second horizon (6-18' ). The values of sodium adsorption ratio 
(S.A.R.), recorded in table 5, range between 74-52 to 159-28 and due to the 
increase in the amounts of soluble Ga and Mg, the sodium adsorption ratio dec- 
reases with depth. The sodium adsorption ratio is defined as Na-t 


J 


/Ca-^+ + 

‘ 2 


where the designated cations refer to the concentration of the individual soluble 
cations in the saturation extract expressed in m.e./litre and the exchangeable 
sodium is defined as the ratio between the cation exchange capacity minus ex- 
changeable sodium. 

Results obtained for the mechanical composition and some physical properties 

are recorded in table 6. The percentages of coarse and fine sand decrease upto 

the fourth horizon (30-42'^ and then increases, the maximum being present in 
the two lowermost horizons. Clay and silt percentage increases from top to bottom 
upto the fourth horizons (30-42'^) Clay seems to have been elluviated into the 
fourth horizon which has been graphically shown in Fig. 1. Ihis generally 
takes place due to the mobile dispersive action of clay. Water holding capacity 
was observed maximum in the third horizon (18-30^^). The dir-persion factor 
increases and peimeability decreases with the increase of ciay coment which 
has been graphically presented in Fig. 2. In the fourth horizon (30-42' clay 
percentage and dispersion factor are maximum whereas permeability is minimunu 
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DISTRIBUTION OF SILT AND CLAY IN DISPERSION FACTOR AND PERMEABILIT! 

ALKALI SOIL PROFILE OF ALKALI SOIL PROFILE 




DEPTH iN iNCHEStSCAlE I'lNCH -Imxn. 



Chang and Dregne®® noted an increase in dispersion ratio and moisture reten- 
tion of soil with increasing levels of exchangeable sodium percentage. Longenecker 
and Lyerly^^ observed that reductions in soil permeability were directly pro- 
portional to the amount of swelling, which was the result of the degree of sodium 
saturation on the exchange complex. 
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Role of Light energy, organic matter and Roch Phosphate 
in the fixation of atmospheric Nitrogen in Alkali soil 

By 

N. R. DHAR & P, N. SINGH* 

Shctiu DhdT InstitutB ojf Soil Scionccy Univorsity of AUahohud 

Abitract 

The role of light energy, organic matter and rock phosphate m fixation of 
atmospheric nitrogen in alkali soils from Soroan (Allahabad) has been studied 
The sources of organic matter were spent wash (Molasses), saw dust, wheat straw 
and Swedish Peat and that of rock phosphate from India. The efficiency of 
nitrogen fixation i.e. the amount of nitrogen fixed in mg. per gram of Carbon 
Oxidhed was always found greater in the presence of light than in the absence of 
it. Addition of rock phosphate increases the efficiency of nitrogen fixation as well 
as rate of carbon oxidation both in the presence as well as in the absence of light 
energy. Organic materials like saw dust, wheat straw and Swedish Peat are 
useful in maintaining the humus status of the highly alkaline soil and side by side 
the status of available phosphorus and exchangeable calcium was raised consider- 
ably. The pH of the soil decreased from 10*6 to 8^0 and was an appreciable 
change in the reclamation of alkali soils. 


Likewise atomic energy, light energy is distributed in quanta. When light 
energy is absorbed in a quanta hy a molecule, an electron may be displaced to an 
outer orbit of the electronic configuration of an atom or a molecule thus the 
potential energy rises. When the energy absorbed is sufficient it may displace the 
electron altogether and the energy absorbed may be remitted and may cause to 
induce a chemical change or possibly the energy absorbed by a molecule may be 
transferred to adjascent molecule as it happens in the process of photosynthesis Le, 
the transfer of energy from xanthophyll to chlorophyll. Van Niel (1941) reported 
the splitting of water molecule by light energy absorption in the process of photo- 
synthesis in plant. 

4 H 3 O + Light energy = 4 (Hj + 4 (OH) 

Similar observations have been reported by Franck (1955) and Vishniac and 
Rose (1958) using water labelled with the radio active hydrogen isotope, tritium. 
In the presence of light the chlorophyll became radio active while in the dark it 
did not become radio active. Formaldehyde, GHaO was the obvious intermediate 
product in the process of photosynthesis i,e, the photolysis of water molecule and 
the fixation of carbon as carbon dioxide for not or.ly is it in the simplest substance 
containing carbon, hydrogen and oxygt n in the same pioportion in which they 
are found in carbohydriite, but is also known to condense under certain conditions 
to form sugars. Later on Calvin and his collaborators put forth the hypothesis 
of formation of the intermediate products phosphoglyceric acid and ribose 
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diphosphate. Light energy has proved a very effective tool in the synthesis i 
food material in the plant kingdom specially the carbohydrates and fats H 
the proteins and aminoacids are formed is a question to be given a considerat’^"^ 
Although the plants are surrounded by unlimited supply of elemental nitr 
but are unable to utilise it directly unlike carbon and oxygen. 

The world literature on soil microbiology reports that the bacteria are ahl 
to fix nitrogen in the soil viz. symbioticaliy the Rhizobium species and non 
symbiotically the Azotobacter and clostridium species ; that is to say that thev ar' 
able to assimilate the free nitrogen of the air. But no literature reports^ th 
nature of the mechanism as to how the process takes place. No literature h ^ 
succeeded in demonstrating that the bacteria is able to fix nitrogen, when grown b* 
itself ; on the other hand the literature says that the bacteria can grow well when 
supplied with combined nitrogen in the form of ammonium sulphate or nitrate 
Therefore this can safely be said here that the bacteria does not fix the atmospheric 
nitrogen but it eats away the combined nitrogen fixed from the other sources b 
the soil. No life is possible to exist without oxygen and nitrogen was not reported 
to be used m elemental fcrm by any or living organism, Lavoisier ( 1781 ) The 
chief categories of soil organisms reported to occur in the soil are Bacteria 
Actinomycetes, Fungi and Protozoa. They have been reported to feed on soil 
humus and upon combined form of nitrog> n ammonia and nitrate and sometimes 
they are parasite of one another for their existence. Algae ai e widely distributed 
in the soil but they are chlorophyll bearing and manufacture their own food. 

The reduction of nitrate in the green leaf of a plant has been described due to 
photochemical reaction as the process was found to be accelerated in the presence 
oflight with the help of certain enzymes and adenosine triphosphate by plant 
physiologists. The reduced ammonia forms amines and amino acids and proteb 
is synthesised in the plant body : ^ 

COOH (CHj), CHNHj COOH +NH2 5. 

Glutamic acid 

GONHj (CHala CHNH^ COOH 

Glutamine 


A process known as transamination from glutamic acid several other aminoacids 
areformedby transfer of aminogroup attached to different carbon atoms The 
synthesis of proteins in the plant may be aided by photochemical reaction since 
the light plays its role in the reduction of nitrate into nitrite and finally into 
ammonia is well known to plant physiologists. The above review tells that the 
plant manufactures major parts of the food material by fixing atmospheric 
carbon using light energy of the solar system. Nitrogen as one of the chief con- 
sitituent of protein in the plant comes from the soil, this is now certain. The 
P'obkm of nitrogen supply and its availability in the soil is a world wide problem. 
The nitrogen added as fertiliser a major part of it is lost due to leaching, volati- 
lisation and adsorption in the clay complexes and also humus. Puhr (1945) 
reported that addition of sodium nitrate did not maintain the level of nitrogen nor 
increased the crop yield in South Dakota experiment Station U. S. A. The world 
literature on soil fertiluy of nitrogen element show that the soils rich in humus 

are rich m mtrogen. The soil under forest cover, grass lands and prairies contam 

Wh?e f/ content than soil under cultivation. 

nitrogen in Pennsylvania grass land soils 
Under Cultivation. Shutt (1925) in Canada ha! shown the loss 
of nitrogen ranging up to 75 pounds per acre annually in addition to that removed 
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by fcfops in the soils Manitoba, Sasktchewan and Alberta for over 22 vears nt 
observation Similar results were obtained by Finnell (1935) in OklahomaSiL S 
U. S,A The above statement indicates, that the land brought under cXSon 
loses Its huinus and organically bound nitrogen year after year if they are not 
supplied with sufficient quantity of organic matters. The alkali Soils are very noor 

in their humus and nitrogen content apart from the fact that they are unfit for 
cultivation due to high pH and high alkali salt contents. The authors’ view to 
improve the alkali soil was first to improve the humus status and at the same 
time to raise the mtrog-m, level by, using the carbonaceous materials rich in 
lignin and polysaccharides with and without rock phosphate. More than thirty 
yearshavenowpassedfor Dhar s (1965) new theory of nitrogm fixation in soil 
The energy received from the solar system on the earth or produced artificially ii 
as much potential as from any other sources like atomic energy and so on and 
is distributed m quantum as reviewed earlier. The nitrogen fertility problem is 
an acute problem of the world especially for the tropical region soils the reduction 
atmosphere into sugars during the process of photosynthesis 
utilises ligiit energy as a source as reviewed earlier according to Dhar’s 
theory the release of energy from the oxidation of carbonaceous material as 
well as the energy obtained from light absorption, both play important role 
individually and more effectively when two are together. A brief expianatio® is 
given as under : 


When the carbonaceous materials are added in the soil, they undei^o slow 
oxidation and the carbon of the system decreases and exothermic reaction takes 
place causing release of energy. 


HiaOe + 60^ ^ 6 GO^ + 6 + 676 K. cals. 

The reaction is accelerated by light radiation energy absorbed in the system. 
The energy released is utilized in the photolysis of water molecules. 

HgO + 112 K. cals = H + OH 

The atomic or nacent hydrogen formed combines with the atmospheric nitrogen 
on the surface of soil particles or any other surface and nitrogen is fixed. 

6 HgO 672 K. cals ?± 6 H + 6 OH 
6 H + Na 2 NHs + 200 K. cals. 

The ammonia formed in this photochemical reaction undergoes further oxidation 
forming nitrite and nitrates useful for plant growth or combines with carbohydrates 
forming amino acids and finally into proteins which are retained in the soil. Light 
energy also helps in the process of oxidation of ammonia into nitrates. 

NHg -p Oj-^NO^ + Carbohydrate aminoacids proteins, the view is 

supported by various workers Howard and Wad (1931), Clarke (1930), Meiklejohn 
(1955), Ranjan and Bhattacharya (1940), Jacks (1939), Kerr (1928 j, Warmbold 
(1906) Rossi. 


Now the nitrogen fixed by this photochemical process is likely to be lost due 
to reverse chemical change like denitrification. Phosphate helps to check the 
nitrogen losses by forming phosphoproteins and other nitrogen phosphorus com- 
plexes has also been studied in this investigation. 

Methods and Materials 


A soil sample of alkali soil collected from Soraon, Allahabad was used for 
this investigation. The organic materials used were saw dust, molasses ''spent 
wash), wheat straw and Swedish Peat. The sources of phosphates were Bihar and 
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Trichinopoly rock phosphates. These materials were dried, powdered and nisSert 
through a 60 mesh sieve, while molasses was applied as such. ^ *** 


Experimental Procedure 

200 g. of soil (air dry) were taken in the enamelled dishes of 24 cm 
diameter. The rates of application of organic materials and phosphates were 
and 0 25% (P2O5) respectively. After mixing them thoroughly in the dishes 
moisture was added @50% of the moisture holding capacity for 15 days and latter 
on it was reduced to 257o. Two sets of experiments were conducted one S 
exposed to artificial light from a 100 watt electric bulb while the other set was 
covered with thick black cloth to cut off light. The average room ternneramr. 
was 28°C. ^ 


Composite samples were taken periodically and analysed for organic carbon 
total nitrogen, exchangeable calcium, available P2O5 and pH. fhe orsani 
carbon was analysed by Robinson Mclean and Williams’ method, total nitrogm 
by Kjeldahl modified by Treadwell and Hall, exchangeable calcium by Hissing 
method, available phosphate as citric acid soluble phosphate. pH was measured 
by means of glass electrode using Beckman’s pH meter. 

Experimental Results 

Total analysis of soil {Oven dry basis) 


Moisture 


0-571 % 

Loss on ignition 


2-630 % 

HGl Insoluble 


71-402 % 

Sesquoxide 


14-137 % 

Iron oxide 


7-744 % 

CaO 


1-668 % 

MgO 

. • 

0-371 % 

K^O 


0-862 % 

1*2^5 

• • 

0-146 % 

Organic carbon 


0-137 % 

Total nitrogen 

• • 

0-031 % 

pH 


10-50 % 


Analysis of Organic Material 



Swedish 

Peat % 

Sawdust 

% 

Wheat straw 
% 

Molasses 
(Spentwash) % 

Moisture 

14-500 

0187 



Ash 

16-780 

3-996 

_ 

6-840 

SiOij 

5-040 

— 


6*120 

P.O3 

0-340 

0-855 

— 


FcjOg 

— 

0-372 


_ 

GaO 

5-200 

0-773 

0-280 

1.-350 

MgO 

0040 

0-282 

0-060 

0-098 

KO 

0-450 

1-150 

1-060 

0-612 

PxOs 

0-120 

0-242 

0-053 

0-062 

Organic carbon 

34-560 

43-648 

38-214 

30-920 

Total nitrogen 

2-460 

0-105 

0-831 

0-56 
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Analysis of Mock phosphate 



Bihar Rock 

Phosphate 

«/ 

/o 

Trichinopoly Rock 
Phoijphate 

% 

PqOs 

19-56 

27-50. 

KjO 

3*25 

4-50 

CaO 

11-62 

18-75 

MgO 

0-71 

1-92 


TABLE 1 


200 g. Soil 1% carbon as Sawdust 


Period of 
exposure 
m days 

Organic 

carbon 

% 

Total 

nitrogen 

Carbon 

oxidised 

% 

Efficiency 
of nitrogen 
fixed in 
mg/g. of G 
oxidised 

Exchange* 

able 

Calcium 

m.e. 

% 

Avail-* 

able 

P 4 O 5 

% 

pH 

0 

M372 

0-0336 

Light 


3-5 

0-032 

10-50 

60 

1 -0548 

0-0348 

0-0824 

14-60 

4-0 

0-042 

9-40 

120 

0-9471 

0-0364 

0-1901 

14-70 

4-9 

0-048 

9-00 

180 

0-8897 

0-0373 

0-2481 

14-80 

5-6 

0-056 

8’80 

280 

0-8030 

0*0389 

0-3342 

15-80 

5-8 

0-063 

8-55 

0 

1-1372 

0-0336 

Dark 


3-5 

0-032 

10-50 

60 

1-0729 

0-0341 

0-0543 

9-20 

4-0 

0040 

9-75 

120 

0-9668 

0-0353 

0-1704 

9-30 

4-5 

0-045 

9-25 

180 

0-9416 

0-0356 

0-1956 

10-20 

5-2 

0-054 

8-85 

280 

0-8671 

0-0363 

0-2701 

10-00 

5^ 

0-062 ^ 

8-75 

200 gm Soil "1“ 

TABLE 2 

1% C as Sawdust + 0-25% as Bihar Rock Phosphate 


0 

1-1372 

0-0836 

Light 


3-5 

0-042 

10-50 

60 

0-9838 

0-0372 

0-1534 

23-50 

3-2 

0-054 

9-05 

120 

0-8849 

0-0400 

0-2523 

25-40 

6‘4 

0-067 

8-80 

180 

0-8018 

0-0420 

0-3354 

25-00 

6-7 

0-101 

8-50 

280 

0-6648 

0-0458 

0-4724 

25-90 

6-9 

0-113 

8-00 

0 

1-1372 

0-0336 

Dark 


3-5 

0-042 

10-50 

60 

11-0059 

0-0351 

0-1303 

11-5 

4*8 

0-046 

.9-25 

120 

0-9449 

0-0360 

0-1913 

12-5 

5-8 

0*055 

8-95 

180 

0-8873 

0-0368 

0-2499 

13*1 

6-2 

0-094 

8-75 

280 

0-7969 

0-0378 

0-3403 

12-4 

6-4 

0-110 

8-25 
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tAblE i 


2f)6 g. Soil + 1% carbon oi Sawdust -f 0‘25% as Trichinopoly Rock Phosphate 


Period of 
exposure 
in days 

Organic 

carbon 

0/ 

/o 

Total 

nitrogen 

/a 

Carbon 

oxidised 

. 

Efficiency 
of nitrogen 
fixed in 
mg/g. of G. 

oxidised 

Exchange 

able 

Calcium 

m.e. 

% 

Avail- 

able 

PaO, 

0/ 

sO 

pH 

0 

1-1372 

0-0336 

Light 


3-5 

0-042 

10-50 

60 

0-9943 

0-0373 

0*1429 

25-2 

4-6 

0-054 

9*05 

120 

0-8902 

0-0397 

0-2470 

24-7 

6-0 

0-075 

8-70 

180 

0-8436 

0-0408 

0-2936 

24-5 

6-4 

0-098 

8-55 

280 

0-6939 

0-0451 

0-4423 

26-0 

6-5 

0-120 

805 

0 

1-1372 

0-0336 

Dark 


3-5 

0-042 

10-50 

60 

1-0407 

0-0348 

0*0965 

12*4 

4-4 

0-048 

9-25 

120 

0>9461 

0-0359 

0*1911 

12-0 

4-7 

0-057 

8*90 

180 

0-8818 

0-0368 

0*2553 

12-5 

5-8 

0-079 

8-65 

280 

0*7852 

0-0380 

0-3520 

12-2 

6-3 

0*105 

8-30 

0 

20C 

1-1372 

TABLE 

1 g. Soil + 1% Carbon as 
Light 

0-0758 

4 

Molasses {Spent wash) 

3-5 

0-032 

10-50 

60 

0*8623 

0-0824 

0-2749 

24-4 

3-8 

0 042 

9-80 

120 

0-6420 

0-0886 

0-4952 

27*9 

4-4 

0-043 

9-25 

180 

0-4050 

0-0952 

0-7322 

26-5 

5-5 

0-044 

8*55 

0 

1-1372 

0-0758 

Dark 


3*5 

0-032 

10-50 

60 

0-8820 

0-0800 

0-2552 

16-4 

3-6 

0*041 

10-05 

120 

0-6772 

0-0838 

0-4600 

17-4 

4-2 

0-042 

9 50 

180 

0-4560 

0-0880 

0-6812 

17*9 

4-8 

0-042 

8-75 

200 

g. Soil 4- 

TABLE 5 

1%C as Speniwash + 0-25% as . 

Bihar Pock Phosphate 


0 

1*1372 

0-0758 

Light 


3-5 

0-042 

10-50 

60 

0*7853 

0-0864 

0-3519 

30'0 

4*6 

0*048 

9-65 

120 

0*5280 

0*0948 

0*6092 

31-1 

5-8 

0*060 

9-25 

180 

0-3150 

0-1024 

0-8222 

32-3 

6-8 

0-082 

8-05 

0 

1-1373 

0-0758 

Dark 


3*5 

0-042 

10*50 

60 

0-8680 

0-0812 

0-2692 

20-0 

4*5 

0-045 

9-80 

120 

0-6480 

0-0868 

0-4892 

22-4 

5-7 

0048 

. 9-50 

180 

0*4379 

0-0914 

0-6993 

22-3 

6-2 

0-071 

8-35 
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TABLE 6 


200 g. Soil + 1 % C as Spentwash + 0 - 25 % as Trichinopoly Rock Pkosplmk 


Period of 
exposure 

in days 

Organic 

carbon 

% 

Total 

nitrogen 

% 

Carbon 

oxidised 

% 

Efficiency 
of nitrogen 
fixed in 
mg/g. of G 
oxidised 

Exchange- 

able 

Calcium 

m.e. 

% 

Avail- 

able 

P*o» 

% 

pH 

0 

1-1372 

0-0758 

Light 


3*5 

0*043 

10*50 

60 

0-8230 

0-0859 

0*3142 

32-2 

5*5 

0*065 

9*75 

120 

0-5810 

0 - C 943 

0 5562 

33-2 

6-6 

0-083 

8*40 

180 

0-3405 

0*1035 

0-7967 

34*8 

6*8 

0*088 

8*30 

0 

1-1372 

0-0758 

Dark 


3-5 

0*043 

10*50 

60 

0-8536 

0-08 12 

0-2836 

19-0 

5-2 

0*058 

9*80 

120 

0*6181 

0-0864 

0-5191 

22-4 

6-4 

0*073 

8*80 

180 

0-4050 

0*0903 

0-7322 

19*7 

6*4 

0*077 

8*40 


0 

1*1372 

200 g. Soil 

0*0445 

TABLE 7 

4 - \%Gas Wheat Straw 
Light 

3*5 

0*032 

10*60 

60 

0-8562 

0*0510 

0-2810 

23*1 

4*4 

0*047 

9*45 

120 

0-6795 

0-0550 

0 4577 

23-0 

5*2 

0*056 

8*80 

180 

0*5250 

0*0586 

0-6012 

23-1 

5*8 

0*068 

8*05 

0 

1*1372 

0*0445 

Dark 


3*5 

0*032 

10*50 

60 

0-8892 

0-0488 

0*2480 

17*2 

4*3 

0-042 

9-65 

120 

0-7652 

0*0512 

0 3720 

18-0 

5-0 

0-050 

9*25 

180 

0-6750 

0-0529 

0-4622 

18-0 

5*4 

0-062 

8*30 


TABLE 8 

200 g. Soil 4 - 1 % G as Wheat straw + Q- 25 % as Bihar Rod PhosphaU 


0 

1*1372 

0-0445 

Light 


3*5 

0-042 

10*50 

60 

0*8080 

0-0557 

0-3392 

33*0 

4-8 

0-075 

9*05 

120 

0-6270 

0*0614 

0 - 5102 - 

30-0 

5-9 

0088 

8*50 

180 

0 4800 

0*0665 

0*6572 

32*0 

6*8 

0*099 

7*90 

0 

0-1372 

0-0445 

Dark 


3-5 

0-042 

10*50 

60 

0-8570 

0 0512 

0-2802 

24-0 

4*5 

0*051 

9-25 

120 

0-6916 

0-0537 

0*4456 

24-0 

5*2 

0-076 

8*50 

180 

0*5700 

0*0558 

0*5672 

20-0 

6*2 

0*082 

8*00 
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table 9 


200 jf. Soil -f \°/oCas Wheat straw + 0-25 ’/o Trichinopolj Rock Phosphate 


Period of 
exposure 
in days 

Organic 

carbon 

0/ 

/o 

Total 

nitrogen 

% 

Carbon 

oxidised 

% 

Efficiency 
of nitrogen 
fixed in 
m/g. of G 
oxidised 

Exchange- 

able 

Calcium 

m.e. 

% 

Avail- 

able 

PaOs 

% 

pH 

0 

1-1372 

0*0445 

Light 


3-5 

0*043 

10-50 

60 

0-8801 

0-0538 

0-2572 

36-2 

4-8 

0-062 

9-05 

.120 

0-6815 

0-0609 

0-4557 

36-0 

5-9 

0-088 

8-50 

180 

0-4795 

0-0668 

0-6577 

34-0 

6-9 

0-107 

8-00 

0 

11372 

0-0445 

Dark 


3-5 

0-043 

10-50 

60 

0-8950 

0-0508 

0-2422 

26-0 

4-6 

0-060 

9-30 

120 

0-7302 

0-0543 

0-4070 

24-0 

5-5 

0-082 

8-65 

180 

0-6210 

0-0569 

0-5162 

24-0 

6-4 

0-098 

8-15 




TABLE 

10 





200 g. Soil + 1 % C as Swedish Peat 


0 

1-1372 

0-1794 

Light 


3-5 

0-032 

10-50 

60 

1-0068 

0*1818 

0-1304 

14-4 

4-0 

0-040 

9-45 

120 

0-8627 

0-1844 

0-2745 

18-5 

4-2 

0-044 

9-05 

180 

0-7254 

0-1871 

0-4118 

18-6 

6-4 

0-062 

8-60 

280 

0-5682 

0-1904 

0-5690 

19-3 

6-5 

0-068 

8-45 

0 

1-1372 

0*1794 

Dark 


3-5 

0-032 

10-50 

60 

1-0076 

0-1810 

0-1296 

12-3 

4-0 

0-038 

9-55 

120 

0-8731 

0-1827 

0-2641 

i2-6 

4-5 

0-040 

9*05 

180 

0-8309 

0-1832 

0-3063 

12-5 

6-0 

0-048 

8 85 

280 

0-7082 

0-1852 

0-4290 

13-5 

6-3 

0-062 

8-45 




table n 






200 g. Soil -}- 1%C as Swedish Peat + 0’25% P^O^ as Bihar Rock Phosphate 


0 

1-L372 

0-1794 

Light 


3-5 

0-042 

10-50 

60 

0-9812 

0*1844 

0-1562 

33-9 

4-8 

0-050 

9-25 

120 

0-8151 

0-1894 

0-3221 

31-4 

5-9 

0 055 

9 05 

180 

0-6504 

0-1952 

0-4868 

32-5 

7-2 

0-074 

8*45 

280 

0-4720 

0-2014 

0-6602 

33-0 

7-9 

0-102 

8*00 

0 

1-1372 

0*1794 

Dark 


3-5 

0-042 

10-50 

- 60 

1*0032 

0-1827 

0-1340 

24-6 

4-5 

0-048 

9-40 

120 

0-8605 

0-1860 

0-2767 

24-2 

4-7 

0-050 

9-05 

180 

0-7820 

0-1879 

0-3552 

24*1 

6-6 

0-066 

8-45 

280 

0-6373 

0-1915 

0-4999 

24-2 

7-2 

0-084 

8-20 
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table 12 

200 g. Soil 1% C as Swedish Peat + 0-25% as trichimpoly Rack PhosphaU 


Period of 
exposure 
in days 

Organic 

carbon 

% 

Total 

nitrogen 

% 

Carbon 

oxidised 

% 

Efficiency 
of nitrogen 
fixed in 
mg/g. of G 
oxidised 

Exchange- 

able 

Calcium 

m.e. 

/o 

Avafl- 

able 

P.Os 

0/ 

/o 

pH 

0 

1-1372 

0-1794 

Light 


3-5 

0*043 

10*50 

60 

0-9728 

0-1847 

0-1554 

34-2 

4*7 

0059 

9-40 

120 

0-8213 

0-1902 

0-3159 

34-5 

4-8 

0-072 

900 

18C 

0-6462 

0-1967 

0-4908 

34-2 

6-0 

0-082 

8-45 

280 

0-4942 

0-2025 

0-6430 

35-5 

7-8 

0-112 

8-00 

0 

1-1372 

0-1794 

Dark 


3-5 

0-043 

10-50 

60 

1-0004 

0-1827 

0-1368 

24-2 

4*4 

0-049 

9-25 

120 

0-6818 

0-1854 

0 2754 

24-2 

4-6 

0-062 

9-05 

180 

0-7610 

0-1885 

0-3762 

24-2 

6-2 

0-088 

8-50 

280 

0-6163 

0-1917 

0-5209 

23-5 

7-2 

0-092 

8-20 


Discussion 


The foregoing results indicate that the fixation of atmospheric nitrogen has 
taken place in the alkali soil under investigation. The fixation of nitrogen takes 
place in normal soils by photochemical reactions have been observed by Dhar and 
coworkers repeatedly. The original nitrogen content was only 0*0336% which 
increased to 0*0389% when saw dust was used as source of organic matter. Similarly 
when molasses (spent wash), wheat straw and Swedish peat were used as source 
of organic matter, the nitrogen increase were 0*0758% to 0*0952% from 0*0445% 
to 0*0586% and from 0*1794% to 0*1904 respectively in the presence of light. 
While in the absence of light there is also increase in the total nitrogen status to 
the extent of 0*0363%, 0*0880%, 0*0529% and 0*1852% respectively, but the 
increase is less than that observed in the presence of li^ht (Table 1 to 12). The 
amount of organic matter oxidised in the presence of light is gre ate than that 
in the absence of light has also been observed. Likewise the efficiency ofnibrcgm 
fixation i.e, the amount of nitrogen fixed in milligram per gram of carbon oxidised 
is greater in the light than in the dark. The rate of oxidation of organic c^bon 
in different organic matter is of the following order in the light as well as in the 
dark : Molasses (spent wash) > wheat straw > Swedish peat > sawdust. 

The results also indicate that when rock phosphate is added with different 
organic matters reported above, the rate of oxidation of organic carbon and efficiency 
of nitrogen fixation increases still further in the presence of light than in the 
absence of light. This also indicate that the phosphate play a vital role in the 
improvement and maintenance of the nitrogen status of the soil. Dhar and 
Mukherji (1935) showed experimentally the formation of amino acid by exposing 
to light solution of nitrate and carbohydrate in the presence of titanium cmde as a 
photocatalyst, which was detactable by paper chromatography by using ninhydrin. 
And formation of amino acid was further enhanced when phosphate was added 
in the solution. This shows that by addition of phosphate m the s^il t^ amount 
of nitrogen fixed forms phosphoproteins or nucleoproteins by combination of 
proteins and phosphates. 
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According to Dhar’s theory of photochemical fixation of atmospheric nittogca, 

oxidation of a gram molecule of glucose grams of nitrogen can be fixed 

under ideal conditions. In other words, 0*39 g, of nitrogen should be fixed Der 
of carbon oxidised if whole of the eticrgy is utilised for production of 
The ammonia formed in this way readily undergoes oxidation to nitrites and finall * 
to nitrate as under : ^ 

L 2 NH 3 + SO, = 2 HNO 2 +2HaO + 153*7 k. cals. 

2. NH^ H- 20^ = HNO 3 + H 2 O + 80*9 k. cals. 

During the process of nitrification there is loss of nitrogen as nitrogen gas due t 
formation of an unstable substance, ammonium nitrate ° 

NH.NOa == Na + 2 H 2 O + 718 k. cals. 

This shows that at least a part of nitrogen fixed is lost as nitrogen gas in the proceis 
of nitrification as shown in the above equation. Dhar and Gho^h ( 1953) reported 
that loss of nitrogen in the gaseous staie can be checked by the addiuon of alkali 
salts, where a part of unstable ammonium nitrite may be converted into more s^ble 
sodium or potassium nitrite under the present investigation. The alkali soils were 
already rich in such elements and did not show appreciable Joss as ammonium nitrite 
The experimental results show a considerable increase in the amount of exchange-' 
able calcium status of th-. alkali soils and the increase were of the following order : 

Swedish peat > wheat straw > saw dust > spent wash (molasses)! 
And these values increased fiom 3*5 m.e.%, to 6*4 m.e.%, 5*8 m.e ". 4 , 5*6 m.e.% 
and5*5m. e.% respectively. Similar results were obtained in the soils treated 
with rock phosphate in the presence as well as in the ab'^ence of light. 

The results recorded indicate a considerable increase in the available phos- 
phate status and lowering of pH values with all types of organic matters used. 
The original available PaOg was 0*032 % which increased 0*05 or more b/ the 
addition of organic matter alone and with the addition of rock phosphate, the 
value increase to 0*1% or even more. Similarly the pH value decreased to 8*0 
which is a remarkable change. 

The above investigation makes it clear that the incorporation of organic 
matter alone, and in combina don with the rock phosphate reclaims the highly 
alkaline soils. Photochemical fixation of atmospheric nitrogen takes place*/ iu 
highly alkali soils where carbon nitrogen balance is restored by increasing the 
hurrius and the status of totap nitrogen which is very low in the soils under study. 
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Influence of Coal in the Improvement of Soil Fertility and 
Crop Production when Incorporated with 
Straw and Basic Slag 

By 

N. R. DHAR & GULAB SINGH 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahahad 

Abstract 

Powdered coal at the rate of 2*5 tons per acre, wheat straw at the rate erf 
10 tons per acre were applied in soils with or without phosphates in the form of Tata 
Basic slag (Thomas slag) and German basic slag at the rate of 50 lbs PgOg per acre 
in a field trial conducted at Fatuha (Allahabad U. P.). A usual crop rctaticai 
(Pad dy-w heat-paddy) was taken. It was observed that coal being a less readily 
oxidisable organic material was slowly activated, when incorporated with wheat 
straw and basic slags in first year of application. 

It was found that the 2nd and 3rd succeeding crops fetched more yields than 
the first crop due t o higher residual effect of coal. The oxidation of coal was 
enhanced by addition of wheat straw and basic slags. 

Introduction 

The byproducts of coal industry i,e. Ammonium salts were first produced 
in England in 1840 and were used for many years to increase crop yields. But coal 
as manure has not been utilized so far. 

Goal is v(ige table matter that through long geological processes has suffered 
changes in physical and chemical properties. As coal is derived from organic 
substances, in order to understand its function as a manure it is necessary to 
explain the part played by organic materials like farmyard manure, cowdung, 
leaves, straw etc., in improving crop production, Dhar^ has emphasised that 
when organic materials like carbohydrates, lignins, fats, coal etc. are applied 
without composting, directly lo the soil prove more beneficial to crops than 
the composts obtained from the same materials. 

When peat, lignite or bituminous coal is mixed with soil in powdered form, 
is oxidised slowly and helps nitrogen fixation. This nitrogen fixation is greatly 
enhanced when these are mixed with basic slag or finely divided soft rock 
phosphate. 

Dhar and Srivastava^ concluded that coal mixed with phosphated organic 
matter when added to the soil is much better for the yield of crop rather than 
unphosphated organic matter. Dhar and Agarwal®, have^ reported that 
when carbonaceous matter like coal is added along with nitrogenous com- 
pounds to the soil, the loss of nitrogen is retarded. Similarly Daniels^ and Dufiie^ 
reported that spreading coal dust helps in the retardation of nitrogen loss. 
Widerhold andEhrenberg 1923'\ brought ammonia confining gases mto corn :ict 
with the disintergrated lignite, bitumious coal or other carbonaceous materials and 
^sed these products as fertilizers. Dhar and coworkers®, have deiiniLely shown 
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thst pezitj lignite snd bituminous coal without being ammoniatedi when mixed 
with soil in very finely devided condition, not only add nitrogen they contain but 
also fix atmospheric nitrogen more in light than in dark. 

Further experiments on this problem have been conducted. The influence 
and residual effect of coal, mixed with organic matter like wheat straw in presence 
and absence of German basic slag and blue green alga namely Anabaena navicu- 
loides’on the yield of paddy and wheat crops in the field have been studied. 


Experimeotal 

Field trials were conducted at Village Fatuha, Allahabad in an area where 
land is fairly uniform and which is under cultivation since a long time. The 
structure of soil is sandy loam. Soil samples were taken out from diflferent layers 
and from different spots uptothed^pth of 6 inches in order to determine t^ 
uniformity of the soil of the field. They were analysed for their consistents. Coal 
dust and wheat straw were incorporated with and without phosphate to the field 
two months before transplating of the paddy seedlings, for their complete 
decomposition. Paddy was transplanted on 28-7-1965 in puddled field and before 
transplantation wherever necessary the plots were inoculated with Anabaena 
naviculoids. Before sowing and after harvesting of each crop soil samples were 
taken from each plot and complete analysis was made. 


Design of Experiment 

Number of treatments 
Number of replication 
Total No. of plots. 

Area and size of the plot 


Randomised block design 

14 

4 

56 

1 /69th of an acre 


Rate of addition of the amendments} acre 


Organic matter 
Coal dust 

Phosphate (G. B. S.). 


10 tons 
tons 

50 lbs PaOj 


Treatments 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 


11 . 

12 . 


13. 

14 . 


Soil alone 
Soil -j- Goal 
Soil + W. S. 

Soil + G. B. S. 

Soil + Goal + W. S. 

Soil -f G. B. S. -f Coal. 

Soil + G. B. S. + W. S. 

Soil + W. S. -1- Goal + G. B. S. 

Soil b Anabaena 

Soil + Anabaena -f- Coal 

Soil -b W. S. + Anabaena 

Soil + G. B. S. + Goal + Anabaena 

Soil W. S. -)- G. B. S. -p Anabaena 

Soil -b W. S. -b G. B. S. + Goal + Anabaeii.i 


Note: — G. B. S. = German basic sla'. 
W. S. = Wheat Straw. 
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TABLE 1 

Analysis of materials used in field trials % 


Estimation 

Soil 

Goal 

G.B.S. 

W.S. 

Loss on ignition 

4-3617 

89-3857 

— 

89-8530 

Ash 

94-4385 

10-1854 

- 

8-8526 

HCl (insoluble) 

80-4926 

6-0163 

12-1056 

5-0384 

Scsquioxide 

10-9715. 

1-5682 

- 

1-3625 

FcjOa 

3-3627 

0-8297 

15-014 

0-6174 

Total P^Og 

0-1275 

0-2935 

17-396 

0-53-04 

Available P 3 O 6 

0-0165 


9-6365 


CaO 

1-2364 

1-3845 

42-0250 

0-7538 

MgO 

0-4884 

1-4156 

4-9750 

0-1807 

K ,0 

0-8743 

0-8704 

Traces 

0*6025 

Total carbon 

0-4863 

73-5936 


38-2165 

Total Nitrogen 

0-0462 

1-2128 

- 

0-6295 

NH. N 

0-0019 

- 

- 

— 

NO 3 N 

0-0032 

- 

- 

-- 

C/N ratio 





pH 

7-6 





TABLE 2 



Average yield of grain and straw 

in Kgs per plot ( 1/60/A acre] 

( 


(Average of four plots) 




Paddy 

Wheat 


Treatments 

grain 

straw 

grain 

Straw 


(Kgs) 

(Kgs) 

(Kgs) 

(Kgs) 

Soil alone 

9-0 

16-0 

8-5 

16-2 

Soil + Goal 

9-9 

17-4 

9-6 

17-5 

Soil + W.S. 

13-4 

23-6 

12-5 

22-7 

Soil + G.B.S. 

10-8 

18-6 

9-9 

18-1 

Soil + Goal + W.S. 

14-4 

25-1 

13-6 

24-3 

Soil + G.B.S, + Coal 

11*7 

20-6 

10-8 

19-7 

Soil + G.B.S. 4- W.S. 

16-7 

27-7 

16*3 

30-8 

Soil 4 - W.S. 4 Coal 4 G.B.S. l7-9 

30-1 

17*4 

32-5 

Soil + Anabaena 

10 0 

17-5 

8*8 

16*5 

Soil Goal "4- Anabaena 

10-8 

18-7 

9-7 

18-0 

Soil + W-S. 4 - Anabaena 14*6 

25-3 

12-8 

23-1 

Soil 4” G.B.S. 4 Goal 4* 

12-8 

22-5 

11-1 

16-9 

Anabaena 





Soil 4 W.S. 4 G.B.S. 4 

18-0 

29-9 

16-7 

31-2 

Anabaena 





Soil 4* Goal + W.S. + 

19-3 

31*7 

17-8 

32-0 

G.B.S. 4* Anabaena 
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TABLE 3 


Analysis of soil samples before transplantation of paddy {Percentage) 


Treatments 

Total 

carbon 

Total 

nitrogen 

NH— aN 

NO 3 — N 

Total 

Pa03 

Avail. 

PaOs 

Soil* alone 

0-4863 

0-0462 

0-0019 

0-0032 

0*1275 

0-0165 

Soil + Goal 

0-6958 

0-0527 

0-0020 

0-0034 

0-1276 

0-0167 

Soil + W.S. 

0-6825 

0-0670 

0-0032 

0-005 > 

0*1357 

0 0215 

Soil + G.B.S. 

0-4805 

0*0471 

0-0023 

0-0037 

0-1446 

0-0327 

Soil + Goal + W.S. 

0-9857 

0-0725 

0-0035 

0-0056 

0-1359 

0-0219 

Soil 4- G.B.S. + Coal 0-6875 

0-0529 

0-0024 

0*0039 

0-1448 

0-0328 

Soil + W.S. + G.B.S. 0-6257 

0-0753 

0-0053 

0-0076 

0-1729 

0-0507 

Soil 4 - W.S. + 

0-9208 

0-0829 

0-0055 

0-0079 

0-1730 

0-0508 

G.B.S. + Goal 






Soil Anabaena 

0-4865 

0*0464 

0-0021 

0-0035 

0-1276 

0*0165 

Soib-j- Goal + 

0-6959 

0-0529 

0-0022 

0-0035 

0-1277 

0*0168 

Ana bat na 

Soil + W.S. + 

0-6827 

0-0675 

0-0034 

0-0055 

0-1357 

0-0217 

Anabaena 

Soil -j- G.B.S, -|- 

0-6876 

00530 

0-0026 

0-0040 

0-1449 

0-0330 

Coal + Anabaena 
Soil + W.S. + 

0-6259 

0-0755 

0 0055 

0-0077 

0-1729 

0*0509 

G.B.S. + Anabaena 

Soil 4 Coal 4 W.S. 4 0*9210 

0-0830 

0-0057 

0-0082 

0-1733 

0-0510 

G.B.S. + Anabaena 





Analysis oj 


TABLE 4 




fsoil samples after harwi of paddy crop [Percentage) 


Treatments c^b^on 

Total 

nitrogen 

NH3— N 

NO3— N 

Total 

P 2 O 5 

Avail. 

PaOs 

Soil alone 

0*4795 

0-0458 

0-0017 

0-0030 

0-;271 

0-0160 

Soil + Goal 

0-6897 

0-0521 

0-0018 

0-01132 

0-1272 

0 0185 

Soil 4 W.S. 

0-5928 

0-0648 

0-0027 

0-0047 

0-1315 

0-0257 

Soil 4 G.B.S. 

0-4750 

0-0462 

0-0020 

0-0034 

0-1408 

0 0403 

Soil 4 Goal 4 W.S. 

0-8795 

0-0690 

0-0030 

0-0U52 

0-1317 

0-0261 

Soil + G.B.S. + Goal 0 6801 

0-0423 

0-0019 

0 0034 

0-1407 

0-0410 

Soil 4 W.S. 4 G.B.S. 0-5713 

0-0702 

0 0041 

0*0064 

0-1658 

0 0586 

Soil W.S. -f- 

0-3574 

0-0765 

0-0013 

0 0068 

0-1659 

0-0589 

G.B.S. 4 Goal 





Soil + Anabaena 

0-4797 

0-0459 

0-0018 

0-0032 

0-1270 

0-0162 

Soil + Goal + 

0*5839 

0-0523 

0 0019 

0-0033 

0-1273 

0-0167 

Anabaena 

Soil 4 W.S. 4 

0*5927 

0-0650 

0-0028 

0-0049 

0-1 ai 4 

0-0260 

Anabaena 

Soil 4 G.B.S. 4 

0-6800 

0-0525 

0-0021 

0-0036 

0-1405 

0-0413 

Coal 4 Anabaena 
Soil 4 W.S. 4 

0-5715 

0-0703 

0-0042 

0-0065 

0-1657 

0-0597 

G.B.S. + Anabaena 



Soil + Goal + W.S.-i-0’8576 

0-0767 

0-0045 

0-0069 

0-1658 

0-0593 

G.B.S. + Anabaena 
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TABLE 5 


Analysis of soil samples after harvest of wheat crop {Percentage) 


Treatmeats 


Total 

carbon 


Total 

nitrogen 


NH3-~N no,-n 


Total 

P*o, 


Avail 


Soil alone 

0-4732 

0-0451 

Soil + Coal 

0-6802 

0-0510 

Soil + W.S. 

0-6419 

0-0607 

Soil + G.B.S. 

0-4653 

0*0459 

Soil Goal W.S. 

0 - 184T 

0-0647 

Soil 4- G.B.S. + Goal 

0-6758 

0-0520 

Soil + W.S. + G.B S. 

0-5287 

0-0673 

Soil + W.S. + 

0 8039 

0 0723 

G.B.S. + Goal 



Soil + Anabaena 

0-4734 

0-0452 

Soil 4 - Goal - 1 - Anabaen a 

0 6804 

0-0520 

Soil f- W.S, “1 Anabaena 0*5 120 

0-0608 

Soil -b G.B.S. -f 

0-6759 

0 - 0''‘21 

Goal 4- Anabaena 



Soil + W.S.+G.B.S. 

0-5289 

0-0675 

4* Anabaena 



Soil 4 - Goal + W.S,+ 

0 8040 

0-0729 


G.B,S. 4 - Anabaena 


0-0015 

0-0023 

0-1269 

0-0153 

0-0017 

0-0030 

0-1270 

0-0155 

0-^025 

0-0041 

0-1302 

0-0239 

0-0019 

0-(X)32 

0-1 397 

0'0387 

0-0028 

0-0048 

0-1304 

0K>245 

0-0018 

0-0031 

0-1393 

0-0389 

0 0037 

0 0055 

0-1584 

0-0576 

0-0039 

0-0057 

0-1587 

0-0579 

0-:1015 

0-C029 

0-1268 

0-0154 

0-0013 

0-0030 

0-1269 

00157 

0-no26 

0-0041 

0-1301 

0*0240 

0-0019 

0-0032 

0'1394 

•Or0390 

0-0038 

0-0057 

0-1583 

0'0578 

0-0039 

0-0059 

0'1;586., 

0-0580 


Discussion 

A careful examination of the results recorded in yield table No. ? shows^tliat 
there is increase in the yield of paddy and wheat crops, in coal Seated plot. 
When coal was incorporated with phosphated organic matter, much better r^^uits 
were obtained than the treatments in which oidy coal, organic matter and algae 
alone was added. Following table shows an increase in the yield due to various 
treatments over control. 


Average yield of paddy grain 9 Kgs and wheat grain 8*5 Kgs in control pbt. 



TABLE 6 



S. N. 


Increase in 

incrtoe in 

Treatments 

paddy grain in 
Kg. 

wheat grain in 
Kg. 

1. 

Soil “b Goal 

0*9 

1 1 

2. 

Soil 4 - W. S. 

4*4 

4-0 

3. 

Soil 4 - G. B. S. 

1-8 

1*4 

4. 

Soil -b Goal 4 W, S. 

5-4 

5*1 

5. 

Soil 4* O' 0. ■+• Goal 

2*7 

2*3 

6. 

Soil + G. B. S. 4- W. S. 

7*7 

7*8 

7. 

Soil - 4 - W. S. 4- Goal - 4 - G. B. S. 

8*9 

8*9 

8. 

Soil 4 - Anabaena 

1*0 

0*3 

9. 

Soil 4 - Goal 4 - Anabaena 

i -8 

i*2 

10. 

Soil 4 - W. S. 4 - Anabaena 

5*6 

4*3 

11. 

Soil 4 - G. B. S. 4 - Anabaena 4 - Goal 

3*8 

2*6 

12, 

Soil 4 ” W^. S. 4* G. B. S. 4“ Anabaena 

9-0 

8*8 

13. 

Soil 4 - W. S. 4 - Goal 4 - G. B. S 4 - Anabaena ID'S 

9-3 
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tt is interesting to note that increase in yield of paddy and wheat grain dlie 
to addition of coal is only 0'9 Kg and 1*1 Kg and due to inoculation of algae i 
1*0 Kg. and 0-3 Kg respectively. This increase in yield of wheat grains in case of 
coal addition is due to its residual effect because it oxidizes very slowly. 

Influence of coal in production of paddy crop is not much but when applied 
with organic matter and phosphate there is marked increase in yield of crop.^^ 

The value of coal as manure is not only due to the "nitrogen it contains but 
it is its nitrogen fixing power and contents of minerals that increase its usefulness 
as a manure in improving crop production. Proul (1921) 7, of Indiana Experi- 
mental Station has determined the relative crop production value of muck and 
sodium nitrate when applied to corn on equivalent nitrogen basis. He proved 
that muck and other organic manures have much more residual effect than sodium 
ntrateand thus benefit succeeding crops and improve soil tilth and crumb forma- 
ition and water retention capacity by increasing the humus capital of the soil. 

From the yield table No. 2 it has also been observed that the phosphated 
coal or organic matter mixed with soil is better than unphosphated organic matter 
Dhar, Ghildayal and others’' carried out field trials and found bituminous coal* 
very favourable for growing both paddy and wheat crops. 

It is concluded that the addition of phosphated organic matter specially 
coal mixed phosphated organic matter rather than coal alone or unphosphated 
erganic matter to the .soil^ is much better in improvement of crop production. It 
has been also concluded that coal being less oxidizable organic matter is'beneficial 
to succeeding crops due to its residual effect ; oxidation of coal is enhanced by the 
addition of wheat straw and basic slags. 
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Effect of Basic Slags on the Slow and Induced Oxidation 
of Energy Material (Sucrose) 

By 

N. R. DHAR & GANESH SINGH 
Sheila Dhar Institute, University of Allahabad, Allahabad 


Abstract 

It has been observed that the slow and induced oxidation of sucrose is 
greatly enhanced by the presence of basic slags. The capacity of different slags 
to enhance thes^ oxidations varies with the PjOg content of the basic slag. As 
these oxidations proceed the pH of the medium falls sharply in the beginning and 
slowly at the later stages. But in the illuminated sets as the pH approaches 
neutrality it again starts rising up though slowly. The amount of carbon dioxide 
actually liberated is invariably found to be lower than the theoretical value of CO^ 
corresponding to the amount of carbon lost during the oxidation. The oxidation 
is found to be much greater in light than in dark. 

Introdacfion 

The importance of phosphatic fertilizers has been greatly emphasised during 
recent years. The basic slag a bye product of the steel industry is a cheap and 
abundant source of P^Os. Wagner* in 1884 showed that the powdered basic slag 
had a striking effect on the crops Specially of the leguminous order. RujSelP, 
Cullen^, Noll, Irwin and Gardener^ have shown the superiority of basic slags over 
superphosphate and bone meal. Whittaker^ obtained marked beneficial effects on 
the plant growth. Similar results were obtained by Williams and Custon 

In recent years Dhar and co-workers have pioneered the study of Indian 
basic slags as fertilizer. In a number of recent publications’- they have shown 
that the basic slag not only acts as a phosphorus nutrient to the plant body but 
also help the fixation of nitrogen. They have further shown that tne b asic slag can 
also be helpful in reclamation of alkali soils. Williams^* and Skinner*'* also 
concluded that not only phosphates but a mixture of phosphate and organic mattt^ 
can be better proposition. Gharlon'® concludes that due to constant use of basic 
slag the increase in growth is not merely transient but constitutes a permanent 
advantage# 

Dhar^® pointed out that cellulosic substances as also sugars constantly 
undergo oxidation, which can be represented as below : 

GeHi^Oe + 60^ 6 CO 2 + eH^O + 767 K. Gal. 

The energy so liberated is utilized in accomplishing the photolysis of water ; 
HjjO + 112 K. Cal. ^ H + OH. 

The chemical combination between atmospheric nitrogen and atomic hydro- 
gen obtained by the photolysis of water leads to the formation of ammonia : 

Na + 6H > 2NH3. 
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This ainmobia in turn is oxidised to form nitrite and nitrate and thiw - 
pheric nitrogen is fixed. atmos- 

Thus it is evident that the oxidation of organic matter is one ofthf^ 
factors v^hich govern the fixation of nitrogen from atmosphere. KeeDino- th* 
in view the study of the factors influencing the slow oxidation of 
of very much importance. ® is 


The aim of the present work is to study the exclusive effect of Tata German 
and Belgian basic slags on the slow and induced oxidation of organic 
(sucrose has been taken here) and its subsequent effect on the system 


Experimental 

100 ml of 1*5% solution of sucrose (B. D. H., A. R.) was taken ceno * i • 
two conical flasks of 350 ml capacity. In another 100 ml of the same snv” 
solution the amount of organic carbon was determined by the method of 
Mclean and Williams^. To these flasks 0-0225 gm of Fe+rwS Idded In 
oi lerous hydroxide inductor which was freshly precipitated alLost in a n 
medmm in an atmosphere of nitrogen gas, solution 

^*n 1 ^ of powdered, 100 mesh sieved Tafa nr 

or Belgian basic slag was also added to each of the flasks. A crystal of MercS 
chloride was also added to these flasks in order to check the growth of n,-" 

orgamsms._ The flasks were then shaken well for 10 miLtes in 

n ^ leakage proof system and kept in a the?r(Jistat 

at 30 G. One of the flasks was well covered with a thick black cloth in orn 
to eliminate the influence of light on its contents The otW fliot 
exposed to a 20n watt bulb light kept at a distance of 3 St. Measu^rS^’andSS 
volumes oi bacteria and Carbondioxide free air was passed through Se solutS 

h ^ were ?fken The flS 

we shaken after every 30 minute. The gas mixture escaping from the flasks 
was conducted separately through Pettenkoffer tubes containing standard b^rv^ 

The contents of the Pettenkoffer tubes were filtered in a GO.' free chamber 
and then remaining baryta was estimated by titration against standard Hrii» 

From tte the .mcmt of 00. libetMcd by the oriSoif o“ th?”„»r „2 » ' 

SSira™Th?2H’’or "P'sted after adding 2. 3 or 4 gm. !f the Ji 

of the system was also measured both at the beginning and 
the end of the experiment by a portable Cambridge pH meter 
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Besnlts 


Table showing percentage of Metal Oxides and in Basie Slags 


Contents 

Tata 

Basic Slag 

German 

Basic Slag 

Belgian 

Basic blag 

SiOg 

15*5298 

12*0928 

- 12-2562 

FejOg 

4*0000 

4*2536 

5*1280 

FeO 

10*5219 

8*0138 

8*5226 

AI 2 O 3 

5*5201 

3*1298 

3'0544 

CaO 

38*8964 

42*5282 

42*0026 

MgO 

4*6647 

4*8587 

4*5683 

KjO 

0*6519 

Traces 

Traces 

VgOg 

0*5265 

0*6918 

0*5585 

Gr,Oa 

1*40198 

0*4888 

0*4001 

TiOa 

0*3029 

0*5015 

0*2536 

CuO 

0*0050 

0*0051 

0*0090 

ZnO 

0*0071 

0*0057 

0*0067 

PaOg 

7*8058 

18*0562 

16*7654 

MnO 

2*8951 

4*7256 

4-1267 


Discussion 


A perusal of the foregoing results reveals that the slow and induced oxidation 
of sucrose is greatly enhanced by the presence of basic slags and that the capacity 
of the different basic slags to enhance these oxidations varies with the P^Og content 
of the slag. Harden and Young^* demonstrated that the sugars glucose, fructose 
and mannose must pass through an intermediate stage of combination with 
phosphoric acid before they are broken down. Embden and Zimmermanua“, 
Pryde and Waters^i Meyerhof** and many others have also obtained results which 
confirm the above view. 


It appears that the sucrose molecule is first broken into hexoses. These 
hexose molecules combine with the Phosphoric acid which is being generated m 
the solution due to the presence of the basic slag and form an intermediate hexose 
phosphate. This intermediate compound acts as a precurser for the further brea^- 
ing down of the sugar. Therefore the more the phosphoric acid is available, the 
more of this intermediate phosphate is formed and hence more of sug^ is oxidised. 
Moreover, due to carbonic acid and other organic acids being formed durmg the 
course of oxidation more of PjOg must be coming to the solution and hence more 

of phosphate ions aie rendered available. Gupta*® Pant-^ and Kapoor shoved 

that the solubility of basic slag is increased in dilute solutions of organic acids. 
Our results also confirm the views of Lob and co-workers*®-*'^ phosphat.s 

exert a specific accelerating effect on the oxidation of glucose. itzemann a m 
supports this view^®. However, Harden and Henley consider tha le a i 
phosphates is not specific but depends on their capacity to act as bu ers. 
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Table Shewing Effect of Basic Slags on the Slow and Induced Oxidat^n 

ot Sucrose 



COg CO 

o/ oxidised 

8“- gm. 



1‘5 gm. 

Sucrose -f 

0-0225 gill 

. Fe++ 

as Fe (0H)2. 

Initial pH 




Light 




Dark 

30 

25 

2*12 

0*0525 

0-05102 

7 50 



60 

50 

2*79 

0*f644 

0-Ctl2 

7*50 

1*49 

0*0346 

90 

75 

3-24 

0*0748 

0-0720 

7*40 

1*75 

0*0404 

120 

100 

3*60 

0*0831 

0-0800 

7*35 

1*92 

0*0442 

150 

125 

3*98 

0*0918 

0-8812 

7*30 

2*01 

0*0462 


0-0301 

0-0382 

0-4019 

0-4125 


7-55 

7-50 

7-45 

7-45 

7-40 


1-5 gm. Sucrose -f TOO gm. T.B.S. -j- 0-0225 gm Fe++ as Fe (OH) 2 . 
Initial pH = 2‘95 


30 

25 

14*84 

0*3426 

0*2914 

8*50 

6-78 

0*1565 

0*1246 

8*60 

60 

50 

22*16 

0*5116 

0*4364 

8*05 

9-99 

0*2305 

0*1852 

8*35 

90 

75 

26*74 

0*6174 

0*5162 

7*50 

12-62 

0*2918 

0*2345 

8*10 

120 

100 

28*35 

0*6546 

0*5291 

7*25 

13-55 

0*3128 

0*2499 

8*00 

150 

155 

30*29 

0*6993 

0*5539 

7*45 

14-28 

0*3187 

0*2501 

7*85 


1*5 gm. 

Sucrose + 

2*00 gm. 

T.B.S. 

+ 0-0225 gm. 

Fe*^+ as Fe 

(OH)^ 



Initial pH= 9-25 


30 

25 

18*45 

0-4260 

0-3608 

8*60 

8*05 

60 

50 

26*22 

0-6054 

0-5202 

8-10 

11*12 

90 

75 

30-00 

0- 6927 

0-5860 

7*45 

14*36 

120 

ICO 

32-16 

0-7425 

0-6178 

7*20 

16-00 

150 

125 

37*05 

0 -8554 

0-7226 

7-50 

17*50 


1*5 gm. 

Sucrose + 3 

*00 gm. T 

'.B.S, + 0-0225 

gm . Fe++ 




Initial pH = 

9-55 


30 

25 

22-82 

0-5268 

0-4466 

8-85 

10*08 

60 

50 

30*51 

0-7044 

0-5738 

8-10 

13*96 

90 

75 

34*26 

0-7910 

0*6382 

7-45 

16*25 

120 

100 

40-00 

0-9236 

0-7533 

7-55 

18*86 

150 

125 

47-99 

1-1081 

0-9128 

7-75 

20*51 


0-185 8 0-1478 8-80 

0-2566 0-1967 8*40 

0-3315 0-2518 8-10 

0-3694 0-2721 7-80 

0-4040 0-2996 7-65 


0-2327 

0-3223 

0-3752 

0-4354 

0-4042 


0-1894 

0-2718 

0-3164 

0-3724 

0-4042 


9-15 

8-85 

8^50 

8-30 

frlO 
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Vol. of Time for 
air pass- passing 
ed (its.j air (Hrs.) 

COa 

ougar ^ corres- 
oxidised in ponding , ■ , 

terms of to carbon Liberated 
carbon % oxidised 
gm. 

Final 

pH 

Sugar 
oxidised 
in terms 
ol carben 
% 

COa 

corres* 

ponding UK j 

to carOonLiberated 

oxiaised 

gm. 

FmaJ 

pH 


1*5 gm. Sucrose + 4*00 gm. 

T.B.S. 

+ 0-0225 gm. Fe++ as Fc (OHu. 





Initial pH : 

= 9-55 







Light 




Dark 



30 

25 

25-52 

0-5892 

0*4723 

8*75 

12-78 

0-2944 

0-2423 

9K)0 

60 

50 

36*22 

0-8330 

0-6687 

7*95 

16*65 

0-3844 

0-2917 

8-55 

90 

75 

39*54 

0-9129 

0*7237 

7*35 

20-00 

0-4618 

0-3588 

8-05 

120 

100 

44*98 

1*0385 

0-8189 

7*55 

23*18 

0*5352 

0-4ii(» 

7-75 

150 

125 

55*10 

■ 1*2716 

0-9748 

7*75 

25-57 

0*5904 

C-4275 

7-55 


1*5 gm* Sucrose + 

I-OO gm. G.B.S. + 0-0225 gm. Fe+-b as Fe (OH),. 





Initial pH = 

= 8-60 





30 

25 

20*20 

0*4664 

0-4021 

8*00 

9*00 

0*2078 

0-1722 

8-25 

60 

50 

27*81 

G-6421 

0-5512 

7*55 

12*58 

0-2304 

0-2361 

7-95 

90 

75 

32*02 

0*7393 

C-6257 

7*20 

15*65 

0-3615 

0-3001 

7-70 

120 

100 

34*16 

0*7887 

0*6392 

7-35 

17*56 

0-4054 

0-3320 

7-45 

150 

125 

39*38 

0*9092 

0*7546 

7*55 

19*37 

0*4472 

0-3826 

7-25 


1*5 gm. Sucrose + 

2-00 gm. G.B.S. -f 

0*0225 gm. Fe++ as Fe (OHjg. 





Initial pH = 

: 8-85 





30 

25 

24*52 

0*5661 

0*5017 

8-20 

11-82 

0-2739 

0-2301 

8*40 

60 

50 

34*68 

0*8007 

0 7052 

7*65 

15-57 

C-3595 

C-29j3 

8-05 

90 

75 

39*16 

0-9042 

0*7720 

7*25 

18-62 

0-4298 

0*3j00 

7-75 

120 

100 

42*22 

l*04t8 

0*8931 

7-45 

20*91 

0*4828 

0-8502 

7*50 

125 

125 

48*35 

1*1164 

0*9502 

7*60 

23*34 

0-5399 

0-4218 

7-35 


1*5 gm. Sucrose -J- 

3-00 gm. G.B.S. + 0-0225 gm. Fe++ as Fe (OH)j. 





Initial pH = 

: 8*90 





30 

25 

29*18 

0*6787 

0*6125 

8*20 

13*87 

0-3202 

0*2715 

8-55 

60 

50 

37*56 

0*8672 

C*7784 

7-65 

17-29 

0-3992 

0*3326 

i8-05 

90 

75 

42*75 

0*9871 

0*8675 

7*25 

19-55 

0-4514 

0*3701 

7-60 

120 

100 

48*95 

1*1292 

0-9728 

7-55 

22-<il 

0-5175 

0-4062 

7-30 

150 

125 

55*46 

1-2805 

1*1123 

7*80 

25-87 

9*5973 

0*4682 

7*10 


1*5 gm. 

Sucrose + 4-00 gm. 

, G.B.S. 

+ 0-0225 gm. Fe+-t- as Fe 

(OH),. 





Initial pH = 

= 9-00 





30 

25 

35*45 

0*8185 

0*7402 

8*35 

15-02 

0-3468 

0-2915 

8-55 

60 

50 

42*08 

0*9716 

0-8632 

7*75 

19-48 

0*4497 

0*3728 

8-05 

90 

75 

46-00 

0*2621 

0*9315 

7*30 

22*35 

0*5160 

0-4235 

7-65 

120 

100 

61*98 

1*2002 

0*0400 

7*50 

24*02 

0*5546 

0-4327 

7-30 

IfO 

125 

62*55 

1-4443 

0*2651 

7-75 

27*99 

0*6462 

0-5239 

7-30 
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VoL of 
air pass- 
ed ^Jts.j 


Time for 
passing 
air (Hrs.) 


coa 

Sugar corres- 
oxidiscd in ponding 
terms oi to c arbon 
carbon % oxidised 


gm. 


GO2 

Liberated 

gm. 


Final 

pH 


Sugar 
oxidised 
in terms 
of carbon 
% 


GOa 
corres*' 
ponding 
to carbon 
oxidised 
gm. 


GOa 

Liberated 

gm. 


Fioal 

pH 


1*5 gm. Sucrose + 1‘00 gm. B.B.S. + 0*0225 gm. Fe++ as Fe (OH)^. 
Initial pH 8*80 



Light 





Dark 



30 

25 

16*59 

0-3137 

0*2612 

8*30 

8-07 

0*1863 

0-1425 

8-45 

60 

50 

25-06 

0-5786 

0-3875 

7-85 

12-06 

0*2784 

0*2217 

8-10 

90 

75 

30-11 

0-6952 

0*5718 

7*55 

15*00 

0*3563 

0*2909 

7*95 

120 

100 

33*28 

0*7683 

0*6279 

7-35 

16-93 

0*3908 

0*3114 

7-80 

150 

125 

36*02 

0*8317 

0*6826 

7-20 

18*21 

0*4204 

0*3320 

7*70 


1*5 gm. 

Sucrose -f 

■ 2*00 gm. 

B.B.S. 

-f 0*0225 

' gm. 

Fe++ as Fe 

(OH)^. 





Initial pH = 

= 9-35 




30 

25 

22*14 

0*5112 

0*4437 

8-65 

10*05 

0*2320 

0*1900 

8*90 

• 60 

50 

31-52 

0-7277 

0*6084 

8-10 

14-12 

0*3260 

0*2685 

8-80 

' 90 ' 

75 " 

35*24 

0-8136 

0-6926 

7-60 

17*53 

0*4047 

■0-3302 

8-40 

120 

JDO 

38-05 

0-8639 

0*72f 09 

7*25 

19*14 

0-4419 

0-3517 

8-10 

150 

125 

42-82 

0*9872 

0*8123 

7-40 

20*50 

0-4733 

0*3064 

7-90 


1 *5 gm. 

Sucrose + 3*00 gm. 

B.B.S. 

+ 0'0225 gm. 

Fe++ as Fe 

(OH)a. 





Initial pH = 

r 9-45 





30 

25 

25*84 

0-5918 

0*5202 

8*70 

12-24 

0-2826 

0*2808 

9-00 

60 

50 

36*17 

0*7351 

0-4905 

8*15 

16-82 

0-3883 

0*3127 

8*55 

90 

75 

40*51 

0-9353 

0-8056 

7-50 

20-37 

0-4703 

0*3920 

8*15 

120 

100 

44-67 

1*0301 

0-8729 

7-20 

21*50 

0-4964 

0*401 1 

7-90 

150 

i25 

52-12 

1*203^ 

1-1237 

7-45 

22*55 

0-5206 

0*4224 

7*75 


1*5 gm. 

Sucrose + 4*00 gm. 

B.B.S. 

+ 0-0225 

1 gm. 

Fe++ as Fe 

(OH),. 





Initial pH = 

: 9*55 





30 

25 

29-72 

0-6862 

0-5231 

8*25 

14*34 

0-33J1 

0*2701 

9*00 

50 

50 

40-45 

0*9339 

0-8426 

8*25 

J9-91 

0*^460 

0-3482 

8*40 

90 

75 

4^-01 

1-0194 

0-9921 

7-60 

23*25 

0-5 364 

0*4301 

8-15 

120 

100 

50*31 

1*1616 

1-0035 

7-30 

25-12 

0*5799 

0*4806 

7*90 

150, 

125 

59-41 

1*3718 

1-1.Q27 

7-50 

26-22 

0*6054. 

0-4805 

7*65 
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The enhancement of the oxidation in presence of basic stags may also parti- 
aliy be due to the pH of the system being on the alkaline side as indicated by 
Dhar and Palit®^ . » 

It has also been observed that the pH of the system falls sharply in the 
beginning but slowly at later stages. At the sartxe time the amount GO2 caught by 
the baryta in the Pettenkoffer tnbei is always found to be lower than the amount 
of GO2 corresponding to the carbon lost from the sugar solution. It is evident 
that all the GO2 which is being generated as a result of the oxidation of the sucrose 
is not being reietsed but a considerable portion of it is being absorbed by the 
reaction mixture. This absorbed carbonic acid is probably combining with the 
calcium ions present in the solution and forming insoluble CaGOa. At the same 
time more of phosphoric acid is entering into the solution. This addiiion of acid 
and removal of base must cause a fall in the pH. Further during the oxidation 
of the sugar many intermediate organic acids would be formed which must cause a 
further fall in pH. 

Kappanna^^ showed that the rat:i of oxidation of carbohydrates depends a 
great deal on the pH and low^r the pH lower will be the oxidation. Our ‘results 
also show a similar trend and as the pH falls the rate of oxidation also fails.. Due 
to the fall in the rate of oxidation lesser amount of carbonic acid and other organic 
acids will be formed and that ia why the fall in the pH becomes slow at later 
stages. 

Moreover as the pH approaches neutrality it again sho’yirs a slow rise,^ Tim 
appears to be due to the solid GaGOg getting converted into ^luble calciumbi- 
carbonate due to CO, being in excess and hence more of Ca ions entering the 
solution. 

The oxidation is found to be much more in illuminated sets than in dark. 
Dhar and Bhattacharya*^ showed that the iight^ absorption by the reaction 
mixtures (z) Glucose -f- 2ind (ft) in hydrolysis of sucrose is greater than 

the reactants separately. This increased light absorption appears to be due to 
activation of the moleculs by the presence of the molecules of other substances. 
The activation of molecules is associated with the weakening of their bindi^ 
forces and consequent increased light absorption. This activation must be 
accelerating the oxidation. Dhar and Bhattacharya^^ also showed the re- 

actions with greater velocity show greater light absorption. Also the presence 
of pbotosensiiisers like titania in the basic slag' must be playing a role in 
respect. All these factors operating together must greatly enhance the opdation 
of sucrose in light. The difference in the percentage of oxidation in light ana 
dark is smaller in the case of Belgian basic slag. It is likely to be due to lower 
titania percentage in the Belgian slag. 

The capacity of basic slags to enhance the induced oxidation of sucrose is in 
the following order ; 

Tata basic slag < Belgian basic slag < German basic slag. 

The foregoing results also show that the Tata basic slag although poorer in 
P2O5 can help the oxidation of energy material to a great extent and hence 
help fixation of nitrogen through photolysis of water considerably, hurtner me 
basic slag in combination with organic matter can be used as a means for reclaim- 
ing alkali soils permanently. 

The work in this direction is still continued. 
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Influence of Organic matter and Phosphate inoculated 
with blue green algae (Anabaena naviculoides) and 
green ^algae (Chlorella pyrenoidosa) on the 
reclamation of alkali soils in the 
presence and absence of light 

By 

■ N. R. DHAR & G. P. SRIVASTAVA 
Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 

Abstract 

The efficiency of the process of reclamation of alkali soils with a mixture of 
organic matter and calcium phosphates is increased to a greater extent when 
inoculated with blue green algae (Anabaena naviculoides) and to a smaller extent 
when inoculated wiih green algae (Chlorella pyrenoidosa) and that these algae are 
not markedly effective when applied alone to alkali soils. No growth of these algae 
is observed in the dark. 


Algae have been intimately connected with human beings from times 
immemorial. They have been used as food, fodder and as manure. The important 
application of blue green algae in agriculture in raising the fertility of soil has been 
recognised only during the past half a century. Some of the blue green algae of 
the family Nostocaceae, including members of the genera Nostoc, Anabaena 
Cylin drospermum, and Micr ochaetaceae, along with members of the genus Aulosira 
have been shown to prossess the power of fixing nitrogen from the atmosphere^ 
and thus have simpler food requirements than any other organisms, since they can 
obtain both their carbon and nitrogen from the air. Venkataraman and Dutta* 
proved that many blue green algae are capable oi fixing atmospheric nitrogen. 
The dominance of blue green algae, possessing the ability for nitrogen fixation 
particularly in the tropics, suggests that these organisms are of considerable 
importance in maintaining soil fertility. 

According to Singh*, these algae can be used in the reclamation ofUsar 
lands. Various species of Nostoc, skytonema, Anabaena etc. have been found to 
be plentifully growing on Usar soils during the rains. He is of the opinion that 
the actual process of reclamation is a series of successive growth of the al^l crop 
on such soils in a water-logged condition, consequently, he observed a decrease 
of pH, exchangeable sodium, sodium-calcium ratio and a corresponding mcr^se 
in nitrogen, phosphorus, organic matter and water holding capacity of One 

of the significant changes, however, was greater availability of soil phosphorus. 
Organic phosphorus of the nucleic acids, nucleotides etc. of the algal matenal is 
made a:vailable by dephosphorylation during the reclamation process tor the 
subsequent use of crops. In the Banthra Farm near Lucknow, 1ms tried 

reclamation of Usar soil by using blue green algae for neutralizing the alkalinity. 

Chlorella forms a good energy material which can be added to Ae soil to 
raise its fertility. Little’s^ work in America on Chlorella pyrenoidosa has shown 


[ 401 ] 



it to be the most efficient with low intensity light of only _ 400 foot candles, iiis 
work also indicates that with improved techniques, an yield of 32| tons of dry 
matter per acre would be obtained which is much high-r than any recorded for 
cereals even under the most intensive condition ot cultivation. It is also of interest 
to note that dry weight Chlorella possesses 50% proteins which figure, again, is 
Su^tofive tirStheliotan contint of wheat grain. 

With the above concept of the importance of Anabaenaand Chlorella m 
increasing the fertility of soil, we have made an attempt too study the reclamation 

of alkaline soils with these algae alone and in combination with organic material 
like barley straw mixed with phosphate in the form of Tata basic slag. 


Experimental Procedure 

The following media recommended ffiy De have been used for the growth 
Anabaena naviculoides and Chlorella pyrenoidosa : 


Medium for Anabaena 

KNOg 0'2 gm. 

KjHPO, 0-2 gm. 

MgSOj. THjO 0-2 gm. 

CaClj 0-1 gm. 

FeCls(l%) 2 drops 

Distilled water 1000 c.c. 


Medium for Chlorella 


NH4NO3 0*2 gm. 

K2 HPO:j 0*2 gm. 

MgSO^. yHjO 0*2 gm. 

GaClg 0‘i gm. 

Fed, (1%) 2 drops 

Distilled water 1000 c.c. 


oi 


200 gm of well powdered soil obtained from Phulpur (Allahabad) was taken in 
enamelled dishes and mixed thoroughly with different organic matter and phosphate 
50% distilled water was added and then the sampks were inoculated with Anabaena 
naviculoides and Chlorella pyrenoidosa, already grown in De’s media. In this way, 
two sets of experiments were performed under similar conditions. One set of 
experiments was exposed to artificial light from 100 watt electric bulb while the 
other set was covered with thick black cloth to cut off light. The temperature was 
recorded daily* 

At the time of analysis, composite samples were taken and analysed for 
organic carbon, total nitrogen, exchangeable calcium, available P^Og, pH ard 
electrical conductivity. Carbon was estimated by the method of Robinson, Mclean 
and Williams^ and nitrogen by the salicylic acid reduction method®. Hissink’s 
method’ was used for the determination of exchangeable calcium and available 
phosphate was estimated by Dyer’s method®. pH was determined by glass 
electrode Beckman pH meter® and conductivity was determined by a Leeds and 
Northrup Pt-Ir drum type bridge^®. 


Results 


Analysis of the alkali soil (oven dry) obtained from Phulpur (Allahabad) 


Moisture 

Loss on ignition 

HGl insoluble 

Sesquioxide 

Fe^Oa 

CaO 

MgO 

PA 

KjO 

Available P^Og 
Total carbon 


1 -210% 

Total nitrogen 

0-0410% 

2-820% 

NH3-N 

0-0023% 

84-190% 

NO3-N 

0-0032 % 

7-050% 

Available nitrogen . . 

0*0055% 

4-1012% 

PH ^ 

9-3 

T2502% 

Conductivity 

1 1*85 m.mhps/cm. 

l-2‘i00% 

Total bacteria count ... 

0*07 million/gm. 

0-1350% 

Total Azolobacter . , . 

0*04 million/gm. ' 

0-7920% 

coimt 

0-0280’',, 

Total fungus count . . . 

0*012 million/gm. 

0-2205% 
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Analysis of Barley straw 


%Chemical composition 


Loss on ignition 

... 90-8592 

MgO 

... 0-1236 

Ash 

... 7-5670 

KgO 

... 0-6215 

Hcl insoluble 

... 4-9R52 

PPs 

... 0-4832 

Sesquioxide 

... 1-5423 

Total carbon 

... 35 0520 

FejOa 

CaO 

... 0*7321 Total nitrogen 

... 0*6532 

• Analysis of Tata basic Slag 

... 0-5520 

% Chemical composition 

Silica 

... 22-560 

Available P.O. 

... 4-250 

Sesquioxide 

... 33-850 

CaO 

... 22-4560 

Fe^Os ■ 

... 17-790 

Kfi 

... 8-8560 

AlaOs 

Total PaOg 

.. 16-0250 
... 7-570 

MgO 

... 4K)560 




200 

TABLE 1 

gm. Soil + Water 


Av, Temp- 30^C 

Period of 
exposure 
in days 

Organic 

carbon 

(gm) 

Total Exchange- 

nitrogen Efficiency able Ga 
(gm) (m.e. %) 

Avail- Electrical 
able conductivity 
PgOg in m.mhos/ 
(gm) cm. (25®G) 

pH 

0 

0.4410 

0-0820 

Light 

4-80 

0*0560 

11-85 

9-30 

60 

0-4225 

0-0810 

- . . 

4-95 

0-0562 

11-82 

9-25 

120 

0-4043 

0-0802 


5-08 

0*0565 

11-80 

9-20 

180 

0-3365 

0-0795 

* , . 

5*20 

0-0567 

11*78 

9*15 

240 

0-3690 

0-0788 


5-35 

0-0570 

11-75 

9-15 

0 

0-4410 

0-0820 

Bark 

4-80 

0-0560 

11.85 

9-30 

60 

0-4310 

0-0814 

, . . 

4'88 

0-0561 

11-83 

9-30 

120 

0-4215 

0-0809 


4-95 

0-0563 

11-82 

9-25 

180 

0-4123 

0-0804 

« * • 

5-02 

0-0565 

11-81 

9-20 

240 

0-4033 

0-0800 

... 

5-08 

0-0567 

11-80 

9-20 


0 

60 

120 

180 

240 

0 

60 

120 

180 

240 


TABLE 2 

200 gm. Soil + 0-5% P 2 O 5 as Tata basic slag 


0*4410 

0-0820 

Light 

4-80 

0-3367 

11-85 

9-30 

0*4132 

0-0814 


5-05 

0-3372 

11-80 

9-25 

0*3860 

0-0809 


5-25 

0*3375 

11-78 

9-20 

0*3590 

0-0804 


5-40 

0-3378 

11-76 

9-15 

0-3323 

0-0800 

. . . 

5-65 

0-3380 

11-74 

9 15 

0*4410 

0-0820 

Dark 

4-80 

0-3367 

11-85 

9-30 

0*4268 

0-0816 


4-92 

0-3370 

11-82 

9-30 

0*4130 

0-0813 


5-02 

0-3372 

11-81 

9-25 

0*3994 

0-0810 


5-15 

0-3375 

11-80 

9-20 

0-3860 

0 0807 

•• 

5-25 

0-3377 

11-80 

9-20 
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TABLE 3 


200 gm. Soil + 1% C as Barley straw Av. Temp. 30°C 


Period of 
exposure 

in days 

Organic 

carbon 

(gm) 

Total 

nitrogen 

(gm) 

Exchange 
Efficiency able Ca 

Avail- 

able 

PPo 

(gm) 

Electrical 
conductivity 
in m. mhos/ 
cm. (25°G) 

pH 

0 

2-4410 

0-1134 

Light 

• « « 

4-80 

0-0560 

11-85 

9-30 

60 

1-7983 

0-1267 

20-8 

6-90 

0-0655 

11-00 

8-70 

120 

1-5462 

0-1319 

21-0 

10-00 

0-0788 

10-50 

8-55 

180 

1-3661 

0-1356 

20-6 

12-25 

0-09 iO 

10-15 

8-40 

240 

1-1876 

0-1379 

19-5 

13-86 

0-1102 

9-90 

8-30 

0 

2-4410 

0-1134 

Dark 

4-80 

0-0560 

11-85 

9-30 

60 

1-9256 

0-1193 

ii-6 

5-60 

0-0607 

11-56 

8 90 

120 

1-7425 

01213 

11-3 

7*25 

0-0691 

11-38 

8-80 

180 

1-5597 

0-1232 

11-1 

8*25 

0-0772 

11-20 

8-70 

240 

1-3925 

0-1246 

10-6 

9-55 

0-0852 

11-06 

8-55 

TABLE 

200 gm. Soil + 1% C as Barley straw 

4 

+ 0*5% Tata basic slag 


0 

2-4410 

0-1134 

Light 

4-80 

0-3367 

11-85 

9-30 

60 

1-5765 

0-1434 

34-8 

8-35 

0 3610 

10-35 

8-60 

120 

1-3142 

0-1525 

35-0 

12-60 

0-3904 

9-04 

7-80 

180 

1-1438 

0-1582 

34-5 

16-05 

0-4195 

8-10 

7-70 

240 

0-9738 

0-1626 

33-5 

18-90 

0-4477 

7-30 

7-60 

0 

2-4410 

0-1134 

Dark 

4-80 

0-3367 

11-85 

9-30 

60 

1-7620 

0-1276 

21-0 

6-62 

0-3465 

10-72 

8-80 

120 

1-5182 

0-1331 

21*3 

8 60 

0-3621 

1005 

8-50 

180 

1-3325 

0-1366 

20-9 

10*15 

0-3774 

9-45 

8-20 

240 

1-1846 

0-1386 

20*0 

11-35 

0-3926 

9-09 

8-10 

0 

0-4410 

200 gm. Soil 

0-0820 

TABLE 5 

+ Anabaena naviculoides 

Light 

4*80 0*0560 

11-85 

1-30 

60 

0-4358 

0-0815 

• • . 

5-15 

0-0565 

11*55 

9-10 

120 

0-4173 

0-0810 

. p . 

5-35 

0*0569 

11-30 

8 90 

180 

0-3985 

0-0803 


5*75 

0-0571 

11-10 

8-80 

240 

0-3785 

0-0793 


6-00 

0-0573 

10*95 

8-70 

0 

0-4410 

0-0820 

Dark 

4-80 

0-0560 

11-85 

9-30 

60 

0-4312 

0-0815 


4-88 

0-0561 

11-83 

9-30 

120 

0-4217 

0-0810 


4-95 

0-0563 

11-82 

9-25 

180 

0-4124 

0-0804 


5-02 

0-0565 

11-81 

9-20 

240 

0-4033 

0-0800 


5-08 

0-0567 

11-80 

9-20 
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table 6 


200 jw. Soil-i-Anabaena naviculoides-\-Q-5% P^Q, as Tata Basic slag. 


Period of 
exposure 
in days 


Organic Total Exchange* 

carbon nitrogen Efficiency able Ga 
(gm) (gm) (m.e.%) 


Av. i mp. 30°C 


Avail- Electrical 
able Conductivity 
PqOs in m.mhos/ 
(gm) cm. (25°GJ 


0 0'4410 0-0820 . 

60 0-4271 0-0819 

120 0-4001 0-0817 

180 0-3720 0-0812 

240 0-3449 0-0806 

Dark 

0 0-4410 0*0820 

60 0-4270 0-0818 

120 0-4132 0-0814 

180 0-3995 0-0811 

240 0-3860 0-0807 


4- 80 0-3367 11-85 9.30 

5- 35 0-3376 11 -15 9-05 

5- 55 0-3380 10-75 8*85 

6- 05 0-3382 10-55 8-75 

6-35 0-3383 10-45 8-65 

4-80 0-3367 11-85 9-30 

4- 92 0-3370 11-82 9-30 

5- 00 0-3372 11-81 9-25 

5-08 0 3375 11-80 9-20 

5*12 0-3377 11-80 9-20 


0 

60 

120 

180 

240 

0 

60 

120 

180 

240 


TABLE 7 

200 gm. Soil -f 1% C as Barley straw -4- Anabaena naviculoides 


Light 


2-4410 0-1134 

1-9807 0-1303 '36-8 

1-7280 0-1391 36-0 

1-5450 0-1426 32-6 

1- 3615 0-1431 27-5 

Dark 

2- 4410 0-1134 

1-9258 0-1195 11-8 

1-7426 0-1214 11-9 

1-5597 0-1233 11-2 

1-2925 0-1246 10-6 


4-80 

0-0560 

11-85 

7-65 

0 0660 

10-60 

10-80 

0-0794 

10-00 

12-85 

0-0945 

9-20 

14-35 

0-1105 

8-72 

4-80 

0-0560 

11-85 

5-60 

0-06u7 

11-56 

7-25 

0-0691 

11-38 

8-25 

0-0772 

li-20 

9-55 

0-0852 

11-06 


9-30 

8-55 

8-35 

8- 15 
8-00 

9- 30 
8*90 
8-80 
8-70 
8-55 


TABLE 8 

200 gm. Soil + 1% C as Barley straw + 0-5% P^Oj as Tata basic slag + 
Anabaena naviculoides 


Light 

0 2-4410 0-1134 4-80 

60 1-7914 0-1488 54-4 9-75 

120 1-5286 0-1621 53-3 13-90 

180 1-2686 0-1711 49-2 17-05 

240 1-0852 0-1721 43*2 19-75 

Dark 

• 0 2-4410 0-1134 4-80 

60 1-7622 0-1277 21-1 6-62 

120 1-5183 0-1332 21-4 8-60 

180 1-3326 0-1367 21-0 10-15 

240 1-1846 0-1387 20-1 • ii-35 


0-3367 11-85 9-30 

03617 9-70 8-30 

0-3912 8-35 7-55 

0-4202 7-38 7-40 

0-4482 6-65 7-25 

0-3367 11-85 9-30 

0-3466 10-72 8-80 

0-3622 10-05 8-50 

0 3 775 t»-45 8 20 

0-3926 9-09 8-10 


C ^5 J 


TABLE 9 


200 gm. Soil + Chlorella pjtfrenoidosa Av. Temp. 3(PC 


Period of 
exposure 
in days 

Organic 

carbon 

(gm) 

Total 

nitrogen 

(gm) 

Exchange 
Efficiency able Ga 
(m.e*%) 

Avail- 
. able 

(gm) 

Electrical 
conductivity pH 
m.mhos / 
cm. ( 25 *^ G ) 

0 

0-4410 

0-0820 

Light 

4-80 

0-0560 

11-85 

9-30 

60 

0-4356 

0-0811 


5-00 

0-0560 

11-68 

9-15 

120 

0-4170 

0-0803 

... 

5-20 

0-0568 

11-42 

8 95 

180 

0-3983 

0-0795 


5 * 5 ') 

0-0570 

• 11-18 

8-85 

240 

0-3784 

0-0788 

... 

5-75 

0-0572 

11-02 

8-75 

0 

0-4410 

0-0820 

Dark 

4-80 

0-0560 

11-85 

9-30 

60 

0-4311 

0-0814 

• • • 

4 88 

0-0561 

11*83 

9*30 

120 

0-4316 

0-0809 


4-95 

0-0563 

11-82 

9*25 

180 

0-4124 

0-0804 


5*02 

0-0565 

li * 8l 

9-20 

240 

0-4033 

0-0800 


5-08 

0-0567 

11-80 

9-20 

200 gm. Soil + 

0 - 5 % 

TABLE 10 

5 as Tata basic ilag + 

Chlorella pyrenoidosa 


0 

0-4410 

0-0820 

Light 

4-80 

0-3367 

11-85 

9-30 

60 

0-4268 

0-0816 

• • . 

5 - i0 

0-3375 

11-26 

9-10 

120 

0-3998 

0 Ojll 


5-30 

0-3378 

10-86 

8-90 

180 

0-3718 

0-0806 


5-82 

0-3381 

10-68 

8-80 

240 

0 3448 

0-0801 

. . • 

6*15 

0-3382 

10-52 

8*70 

0 

0-4410 

0-0820 

Dark 

4*80 

0-3367 

11-85 

9-30 

60 

0-4270 

0-0816 

• ■ t 

4-92 

0-3370 

11*82 

9-30 

120 

0-4132 

0 - 0ol3 

• . • 

5*00 

0-3372 

11-81 

9-25 

180 

0-3991 

00810 

■ « • 

5-08 

0-3375 

11-80 

9-20 

240 

0-3861 

0-0807 


5-12 

0-3377 

11-80 

9-20 

0 

200 Soil + 1 % 

2*4410 0-1134 

TABLE 11 

C as Barley straw -f Chlorella pyrenoidosa 

Light 

4*80 0*0560 11*85 

9-30 

60 

1*9756 

0-1271 

29-4 

7-55 

0-0658 

10-70 

8-60 

120 

1-7231 

0-1323 

26-3 

10-65 

0-0791 

10-12 

8-40 

180 

1-5406 

0-1359 

24-9 

12-62 

0-0943 

9*40 

8-20 

240 

1-3576 

0-1381 

22-7 

14-15 

0-1103 

8-90 

8-05 

0 

2-4410 

0-1134 

Dark 

4-80 

0-0560 

11-85 

9-30 

60 

1-9258 

0-1193 

ii-4 

5-60 

0-0607 

11-56 

8-90 

120 

1-72426 

0-1213 

11-1 

7*25 

0-0691 

11-38 

8-80 

180 

1-5598 

C-1232 

11-1 

8-25 

0 0772 

11*20 

8-70 

240 

1-3925 

0-1246 

10-6 

9*55 

0-0852 

11-06 

8-55 
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tAfeLE 


2d0 gm. SLil+l% C as Barley straw +<j'5% as Tata 

basic slag-\-Chlorella pyrenoidoso Av. Temp. 30'^G 


Period of 
exposure 
in days 

Organic 

carbon 

(gtn) 

Total 

nitrogen 

Igm) 

Efficiency 

Exchange- 
able Ga 
(m.e. %} 

Avail- 

able 

P.O, 

(gm) 

Electrical 
conductivit'y 
in m.mhos/ 
cm. (25^01 

'pH 

0 

2-4410 

0-1134 

Light 

4-80 

0-3367 

11-85 

9*30 

60 

1-7862 

0-1441 

46-9 

9-65 

0-3615 

9-92 

8-40 

120 

1-5236 

0-1532 

43-3 

13-75 

0-3910 

8-50 

7-65 

180 

1-2638 

0-1588 

38-6 

16-85 

0-4200 

7-55 

7-50 

240 

1-0810 

0-1631 

36-') 

19-55 

0-4480 

6-86 

7-35 

0 

2 4410 

0-1134 

Dark 

4-80 

0-3367 

11-85 

g-30 

60 

1-7622 

0-1276 

20'9 

6-62 

0-3466 

10-72 

8-80 

120 

1-5182 

0-1331 

21-3 

8-60 

0-3622 

10-05 

8-50 

180 

1-3326 

01366 

20-9 

10-15 

0-3775 

9-4i 

8-20 

240 

1-1846 

0 1386 

20-1 

11-35 

0-3926 

9-09 

8-10 


From a perusal of the experimental results recorded in tables 5 to 12, it is 
clear that Anaba- na naviculoides and Uldorella pyrenoidosa did not grow weU on 
alkali soil when they were used alone however, remarkable giowth was obUmcd 
wLn they were used in conjunction with organic matter and phosphate. This cm 
'be explained on the basis that the soil reaction (pH 9^3) was not suitable for &e 
growth of these algae and, moreover, the soil was deHcient in the nutrients 
Lailable nitrogen, available phosp.iate, exchangeable calcium etc. neceto^for 
their growth. ^AlUson and co-worker" found that Nostoc muscorum grws best 
betwee^n pH 7-0 and 8-5 and Lund^ reported that algae developed most 
fertile so^s well supplied with bases, available phosphates and nd^tes and tmd 
to be sparse in light, infertile and acid soils, Singh* carried out field ^penincnu 
with b^e green algae in alkali soils under watcr-logg-.d condition and ob^^d 
good vield^of paddy crop. Probably algae could grow well due to watcr-lojra^. 

“Ltion of protein with phosphorus py^SS! 

addition of organic matter and 

and Chlorella pyrenoidosa, have been . ^abaena and Ghlorella treated 

there is a marked saving ofcarbo oiWhtlvvreater in the case of Anafaacna. 

samples, although, the saving otcaxbon IS slightly g^ter m th^^^^^^ 
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case of Anabaena than in the case of Ghlorella because of the fact that Anabaena 
is capable of fixing atmospheric nitrogen. 

From the experimental results recorded in tables 1 to 12, it is observed that 
the exchangeable calcium of the system increases with the oxidation of carbon. In 
the case of samples inoculated with Anabaena naviculoides and Ghlorella pyrenob 
dosa, there is a greater increase oi exchangeable calcium as compared to the 
samples where they have not been inoculated. 

The experimental results recorded in tables 1 to 12 show that the available 
phosphate of the system increases, with the oxidation of carbon. In the case of 
Anabaena and Ghlorella treated samples, greater availability of phosphate is 
observed. Bi sides the increase in the availability due to the production of more 
carbonic acid and organic acids, the organic phosphorus of the nucleic acids, 
nucleotides etc* of the algal material is made available by dephosphorylation. 
Bower’ 2 showed that mono- nucleotides, nucleic acids and nucleo-proteins introduced 
into the soil by the incorporation of plant and animal residues or synthesised 
by soil microorganisnais have been presumed to contain a major portion of soil 
organic phosphorus. 

A perusal of the experimental results recorded in tables 1 to 12 clearly shows 
that the pH and electrical conductivity of the systems decrease with the oxidation 
of organic matte*. It is observed that in the case of Anabaena and Ghlorella 
treated samples, the decrease of pH and electrical conductivity is more pronounced 
as compand to the samples where Anabaena and Ghlorella have not been applied. 
This h. due to the greater amount of carbon added by the growth of these algae, 
and as a result more oxidation of carbon takes place producing greater amounts 
of carbonic and organic acids which are responsible for lowering down the pH of 
the systems. As a result of decrease in pH, more sodium salts like sulphates and 
chlorides are produced at the expense of sodium hydroxide present in alkali soils 
and thereby the electrical conductivity of the systems also decreases. This view 
can be supported by the work of Davies’ ^ and Glasstone^^. This decrease is more 
pronounced in the case of Anabaena than in that of Ghlorella, the reason being the 
greater giowth of the former. 

It is, tht refore, concluded from my investigations that the efiSciency of the 
process of reclamation of alkali soils with a mixture of organic matter and phos- 
phates is inert as' d to a greater extent when inoculated with Anabaena naviculoides 
and to a smaller extent when inoculated with Ghlorella pyrenoidosa and that these 
algae are not markedly effective when applied alone to alkali soils. 
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Nitrogen Loss from Soils, Part 1. Retardation in 
Nitrogen Loss by Algae and Phosphates 

By 

N. R. DHAR & A. K. RISHI 

Sheila Dhar Institute of Soil Science, Unmtsify of Allahabad 

Abstract 

Loss of humus and of nitrogen resulting by the addition of ammomum 
sulphate^ and ammonium nitrate to the soil was investigated. According to the 
observations the oxidation of organic carbon was enhanced by the addition of 
nitrogenous compounds. Moreover, much of the nitrogen added was lost to the 
air ; greater loss being suffered by ammonium sulphate. These transformatiems 
were pronounced in the sets receiving light. 

The influence of algae, Anabaena naviculoides and Ghlorella vulgans, in 
presence and absence of phosphate (Tata basic slag) in retarding the loss of 
nitrogen was extensively studied. Loss of nitrogen was checked more by Chlorclla 
than by Anabaena though the latter is a nitrogen fixer and the former is not. 
Loss of carbon also was checked by inoculating algae ; Ghlorella being more 
effective than Anabaena. Available nitrogen in the alg^ sets was always ItM than 
that of the corresponding systems without algae. 

The addition of phosphate also helped in retarding the nitrogen lo^. Algae 
along with phosphate was most effective in checking the loss of nitrogen. 

Introduction 

A large amount of work is being carried on in understanding the role of 
nitrogenous fertilizers in land fertility and crop production. In addition to the 
deterioration of soil structure, soil tilth and permeability^ by the u^ of 
nitrogenous fertilizers much of the added nitrogen is lost when conditions arc 
favourable for oxidation. 

Dhar and Coworkers'’ Bizell®, Viswanath’^ and others®"^® have rq>orted Ic^ 
of nitrogen from soils. Russell and Richards’® and others^’“^^ have observed 
considerable losses of nitrogen when nitrogenous substances were added to soils. 
Comparative study by Lohnis and Fred^® of the three plant food materials from 
the field experiments revealed the following results : 

Nitrogen^/o Phosphorus% Potassium% 

7-8-46‘l 10-1-75-6 22*4-85*1 

Thus the loss of nitrogen posses a great threat to land fertility. 

Although fixation of nitrogen in pure cultures and in soils®^"®® by differ- 
ent species of blue-green algae have been reported but only a few have realised the 
importance of algae in retarding the loss of nitrogen. The first attempt was made 
by Gautier and Drouin^’, They exposed artificial soil free from organic matter 
but containing ammoniacal nitrogen. In due course of time the soil was covered 
by algae. Loss in ammonia nitiogen and a gain in organic nitrogen and thus a 
corresponding decrease in the loss of total nitrogen was observed. Dhar and 
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Rishi*® reported after 4 years of experimentation the retardation in nitrogen loss 
by algae. 

To throw further light on the problem of nitrogen loss and its retardation 
a number of experiments were conducted by the authors to investigate the influence 
of Anabaena naviculoides and Chlorella vulgaris, in presence and absence of 
phosphate, in checking the loss of nitrogen resulting by the addition of ammonium 
sulphate and ammonium nitrate to Allahabad soil. 


Experimental 

♦Soil, rich in humus, was collected from the field in front of Sheila Dhar Insti- 
tute for the experiments. 200 gms of the soil after passing through 60 mesh sieve 
was taken in 500 ml. conical flasks. 0-2% N as ammonium sulphate and ammonium 
nitrate was added to different flasks. 0-25% PjO., was introduced and algae 
Anabaena naviculoides and Chlorella vulgaris were inoculated wherever required’ 
40% moisture was maintained throughout the experimental period. Two similar 
sets were arranged ; one was exposed to light of a 500 watt electric bulb and the 
other was placed beside it covered by a thick black cloth. After 100,. 200 and 
300 days composite sainples were taken out and analysed for total carbon, total 
nitrogen, ammoniacal and nitrate nitrogen and amino acids. Amino acids’ were 
detected by paper chromatography. 

The following media were used for the growth of Anabaena naviculoides and 
Chlorella vulgaris. 


Medium for Anabaena Medium for Chlorella 


KNO^ 

KjHPO^ 
MgSO, . 
CaClj 
FeGl3(]%) 
Distilled water 


0*2 gm. NH4NO3 

0-2 gm. KjHPO, 

0'2 gm. -MgSO^ 7H2O 
0-1 gm. CaClj 

3 drops FeCl3(l%) 

1000 ml. Distilled water 


0’2 gm. 
0'2 gm. 
0*2 gm. 
OT gm. 

3 drops 
1000 ml. 


'.nalysis of original soil ond Tata basic slag. 


% Analysis 

Soil 

Moisture 

4-24 

Loss on ignition 

7-136 

HCl insoluble 

70-09 

Sesquioxide 

10 873 

FcjOj 

4-327 

AljO,, 



CaO 

5-081 

MgO 

1-901 

PsOs 

0-4683 

KaO 

1-5964 

Available PaOg 

0-C431 

Total carbon 

3-0088 

Total nitrogen 

0-2382 

NHa— N 

0-0088 

NO3-N 

0-0155 

pH 

7-65 


Tata basic slag 


22-5421 

33-7432 

17-7816 

15-9622 

22-4236 

4-0426 

7-9238 

0-9158 

4-0724 


*A sandy loam in which municipal rubbish has been incorporated for 10 years. 
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'The amino acids identified have been abbreviated as follows : 


4 


Gly for glycine 
A1 for Alanine 
Va for Valine 
Se for Serine 
Th for Threonine 
Ly for Lysine 

TABLE 1 


Ar for Arginine 
Hi for Histidine 
Glu for Glutamic acid 
Asp for Aspartic acid 
Pro for Proline 


200 gm» of soil + 0*2% N as ammonium sulphate Av. Temp. 30°G 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

Nitrogen NHg^ — N 
loss gm. 

% 

NO.-N 

gm. 

Amino acids 
detected 




Light 



0 

6-0176 

0-8764 


0-4176 

0-0310 

AL, Ar., Glu. 

100 

5-4814 

0-5849 

33*3 

0-1466 

0-0701 

AL, Ar., Glu. 

200 

5-1811 

0-5133 

4T4 

0-0982 

0-0835 

AL, Glti., Va. 

300 

5-0162 

0-4702 

46-3 

0-0645 

0-0916 

Glu., Va., Gly. 




Dark 



0 

6-0176 

0-8764 


0-4176 

0-0310 

AL, Ar., Glu. 

100 

5-6503 

0-6471 

26-2 

0-2038 

0-0588 

Al., Ar., Glu. 

200 

5-4344 

0-5972 

31-9 

0-1456 

-0-0697 

AL, Ar,, Glu. 

300 

5-3106 

0-5606 

36-0 

0-1014 

0-0755 

Gly., AL, Glu. 




table 2 





200 gms of soil + 0*2% N as ammonium nitrate 




Light 



0 

6-0176 

0-8764 


0-2176 

0-2310 

AL, Ar., Glu. 

100 

5-4338 

0-6736 

23-1 

0-1225 

0-1447 

Gly., AL, Ar., Glu- 

200 

5-0989 

0-5907 

32-6 

0-0856 

0-1 155 

Gly., AL, Va., Glu. 

300 

4-9244 

0-5552 

36-6 

0-0729 

0-1032 

Gly., AL, Va., Glu. 





Dark 



0 

6-0176 

0-8764 


0-2176 

0-2310 

AL, Ar,, Glu. 

100 

5-6229 

0-7389 

15-7 

0*1534 

0-1771 

AL, Ar., Glu. 

200 

5-3852 

0-6851 

21-8 

0-1295 

0-1615 

Gly,, AL, Va., Glu. 

300 

5-2556 

0-6533 

25-5 

0-1113 

0-1494 

Gly., Va., Glu. 


TABLE 3 


200 gms 

. of soil + 

0-2% N as 

ammonium sulphate + 0*25% 
Light 

PgOs as Tata basic slag 

0 

6-0176 

0-8764 


0-4176 

0-0310 

AL, Ar., Glu., 

loo 

5-3838 

0-6181 

29-5 

0-1598 

0-0822 

AL, Ar., Glu., Va., 

200 

5*0482 

0-5546 

36*7 

0*1165 

0-0997 

AL, Glu., Va., Hi., 

300 

4-8610 

0-5176 

40*9 

0-0859 

Dark 

0-1109 

AL, Glu., Va., Gly., 

0 

6-0176 

0-8764 


0-4176 

0-0310 

AL, Ar., Glu., 

loo 

3-5722 

0-6716 

23-4 

0-2151 

0-0680 

AL, At., Glu., 

200 

5-3208 

0-6273 

28-4 

0-1598 

0-0821 

AL, Ar., Glu., Gly., 

300 

5-1762 

0-5950 

32-1 

0-1188 

0-0906 

AL, Glu., Va., Gly., 
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TABLt. 4 

200 gms. of soil + 0*2 % N as ammonium nitrate + 0-2‘)% P^Oj as Tata basic sJdg 


Av. Temp. 30'"G 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total Nitrogen NHg — N NO 3 -N 
nitrogen loss gm. gm. 

gm. % 

Amino acids 
detected 

0 

6-0176 

0-8764 


Light 

0-2176 

0-2310 

Al., Ar., Glu , 

100 

5-3336 

0-7116 

18-8 

0-1367 

0-1580 

AI., Ar.,Glu., Va.,Gly. 
Al-j Glu.j Va.j Gly.^Hi, 
Al., Glu., Va., Gly.; 

200 

4-9595 

0-6376 

27-3 

0-1050 

0-1327 

300 

4-7642 

0-6097 

30-4 

0-0952 

0-1233 

0 

6-0176 

0-8764 


Dark 

0-2176 

0-2310 

Al., Ar., Crln 

100 

5-5143 

0-7665 

12-5 

0-1655 

0-1873 

Al., Ar., Glu., 

Al,, Ar., Glu., Gly., 
Glu., Gly., Va., 

200 

5-2680 

0-7187 

17*8 

0-1447 

0-1748 

300 

5-1174 

0-6915 

21-1 

0-1296 

0-1658 


200 gms, of soil + 0 * 2 *^;, ! 

TABLE 5 

N as amm nium 

sulphate 

+ Chi Telia 

0 

6-0176 

0-8764 


Light 

0-4176 

0-0310 

Al., Ar., Glu., 

100 

5-5911 

0-6216 

29-1 

0-1399 

0-0663 

Al., Glu. Va., Asp., 

200 

5.3243 

0-5561 

36*5 

0-0893 

0-0782 

Al., Glu., Va., Asp., 
Pro. 

Al., Glu., Va., Asp., 

300 

5-1505 

0-5114 

41-6 

0-0569 

0 0870 


Pro. Se., Th., 

TABLB 6 

200 gms. of soil + 0*2% N as ammonium nitrate -f Chlorella 

0 

6-01-76 

0-8764 


Light 

0-2176 

0-2310 

AL, Ar., Glu., 

100 

5-5556 

0-7154 

18-4 

0-1146 

0-1405 

AL, Ar., Glu., Va. Asp. 

200 

5-2519 

0-6386 

27-1 

0-0753 

0-1097 

AL, Glu., Va., Asp., 

300 

5-0669 

0-6015 

31-4 

0-0641 

0-0982 

Pro., 

AL, Glu.. Va., Asp., 


200 gms 

TABLE 7 

. of soil 4 - 0’2% N as ammonium 

Pro., Th., Se., 

sulphate -f Anobaena 

0 

6-0176 

0-8764 


Light 

0-4176 

0-0310 

Al., Ar., Glu., 

100 

5-5648 

0-6147 

29-9 

0-1439 

0-0655 

AL, Glu., Va., Asp., 

200 

5-2903 

0-5482 

37-4 

0’0942 

,0-0770 

AL, Glu., Va., Asp., Se. 

300 

5-1204 

0-5034 

42-6 

0-0612 

0-0862 

AL, Glu., Va., Asp., Se. 







Th. 
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TAeLS 8 

200 gtris. of soil + 0*2% N as ammonium nitrate + Anabaena Av. Temp. 30°6 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total Nitroten NH^-N NO,-N Amino acids 

nitrogen loss gm. gm. detected 

gm. % 




Light 

0 

6-0176 

0-8764 

0-2176 0-2310 Al., Ar., Glu., 

100 

5-5273 

0-7075 

19-3 0-1195 0 1397 Al., GIu., Va. Asp., Se. 

200 

5-2173 

0-6297 

28-1 0-0813 0-1085 Al., Glu., Va., Asp., Se. 

Th. 

300 

5-0355 

0-5925 

32*4 0*0693 0*0974 Al,, Glu,, Va., Asp., Se 

Th. ' 

TABLE 9 

200 gms. of soil + 0*2% N 

as ammmium sulphate *+• 0*25 as Tata bask 

slag + Chlorella 

Light 

0 

6*0176 

0-8764 

- 0*4176 0*0310 AL, Ar., Glu., 

loo 

5*5076 

0-6587 

24*8 0'1523 0*0780 AL, Ar., Glu., Va., Pro 

S¥)0 

5-2095 

0-6031 

31-2 0*1068 0^0941 AL, Ar., Glu , Va., Pro. 

Se* 

300 

5-0135 

0-5644 

35*6 0*0776 0*1061 Al., Ar., Glu,, Vau, 

Pro., Se., 

TABLE 10 


200 gms. 

of soil *+* 0*2% N dis ammonium nitrate 4- 0*25% as 

Tata basic slag + Chlorella 

Light 

0 

6-0176 

0-8764 

0-2176 0-2310 Al., Ar., Glu., 

100 

5-4695 

0-7573 

13-6 0*1280 0*1533 AL, Ar,, Glu., Va., 

Asp., Pro. 

ax) 

5*1323. 

0-6911 

21-1 0-0939 0*1264 AL, Ar., Va.,Asp., 

Pro., Se., Tiu 

300 

4-9249 

0-6615 

24-5 0*0857 0-1179 AL, Ar., Va., A^k, 

Pro., Se., Th.j Hi., 

TABLE 11 

200 gms. of soil + 0*2‘^ o N as ammonium sulphate + 0*25% as Tata 

basic slag -f- Anabaena 


0 

6-0176 

0-8764 


Light 

0-4176 

0-0310 

AL, At. Glu. 

100 

5-4811 

0-6501 

25-8 

0-1568 

0*0772 

AL, Ar., Glu., Va., Se. 

200 

5-1725 

0-5947 

32-1 

0*11)3 

0-0928 

Al., Ar., Glu., Va., Se., 

300 

4-9824 

0-5559 

36*6 

0-0817 

0-1049 

Asp., Hi. 

AL, Glu., Va., Se., 
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table 12 


200 gms. of soil + 0-2% N as ammonium nitrate + 0-25% P^Og Tata 

basic slag + Anahaena Av. Temp. 30°G 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

Nitrogen juw-N 
loss 

0 / 

.0 

NO 3 — N 
gm. 

Amino acids 
detected 





Light 



0 

6-0176 

0-8764 


0-2176 

0-2310 

AL, Ar., Glu. 

100 

5-4409 

0-7485 

14-6 

0 1334 

0-1526 

ALj Glu., Va.. Se., Asp. 

200 

5-0950 

0-6827 

22-1 

0-1002 

0-1253 

AL, Glu., Va., Se., Asp. 
Hi., Ly. 

300 

4-8924 

0-6531 

25-5 

0-0913 

0-1170 

Al., Glu., Va., Se.. 
Asp., Hi., Ly., Th. 


TABLE n 


Percentage loss of nitrogen after 200 days 


Treatement 

Alone 

With 

T-B.S. 

With 

Chlorella 

With 

Anahaena 

With 
Chlorella 
+ T.B.S. 

With 
Anahaena 
+ T.B.S, 

Ammonium 

Light 

4fi-3 

40-9 

41-6 

42-6 

35-6 

36-6 

Sulphate 

Dark 

36-0 

32-1 


- 

- 

- 

Ammonium 

Light 

36-6 

30-4 

31-4 

32-4 

24-5 

25-5 

Nitrate 

Dark 

25-5 

21-1 

— 


~ 

— 


Discussion 

The results recorded in Table 13 indicate greater loss of nitrogen from the 
system containing ammonium sulphate than that of the System containing ammon- 
ium nitrate. Moreover, greater loss is suffered by the systems exposed to light 
than those covered by blaci cloth. Correspondingly there is a decre'ase in ^ the 
total available nitrogen more so in the sets exposed to light (Tables 1 and 2). 

Hettce, itis deduced from these results that much of the added nitrogen is 
lost th the air and this loss is enhanced by light radiations. Dhar and Pant^® have 
reported losses of nitrogen in soils and oxide surfaces even in the complete absence 
of microorganisms. 

The most plausible explanation for this loss of nitrogen is that under aerobic 
conditions the proteins present in the soil and other nitrogenous substances undergo 
the following changes : 

(+O2) 

Proteins — famine acids compounds 

N 03 < NOa^ 1 ' 

(+0^) (+02) 

These changes being oxidation reactions are accelerated by light absorption and 
temperature increase. During these reactions the possibility of the formation of 
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an unstable and explosive substance^ ammonium nitrate, is always there* Itis 
well known that ammonium nitrate suffers oxidation and decomposition aic!^% 
light as follows : 

2NH4NO2 + 02 = 2NH4NO3 

NH4NO2 = Ng + 2H2O + 718 K* cals. 

The second reaction is more prominent than the first and hence, there is 
considerable loss of nitrogen. 

From the summarised results recorded in Table 13 it is quite evidait that 
phosphate as Tata basic slag retards nitrogen loss considerably, the retardation 
being morfe pronounced in light. Moreover, there is an increase in the total 
available nitrogen and the free amino acids (Vide Table 3 and 4). 

The retardation in nitrogen loss by phosphates can be explained from the 
following considerations : 

Firstly,: phosphates form complex phosphoproteins which are more stable 
than proteins and amino acids. Secondly, calcium present in the slag (kn react 
with nitrite ions forining calcium nitrite which is more stable than amnwHUum 
nitrite. , " 

In all the systems inoculated with algae, changes are observed only in the 
systems exposed to light— showing, thereby, that algae do not grow in the dark. 

From a careful perusal of tables 5 to 1 2 it is observed that there is some 
saving of carbon in all the systems inoculated with algae and exposed to light — 
greater saving of carbon is recorded in the systems having Chlorella than those 
having Anabaena. This observation can be attributed to the faster growth fate of 
Chlorella than Anabaena^^. Moreover, the saving of carbon is more pronounced 
in the phosphated systems than in the unphosphated sets showing, thereby, that 
phosphates enhance the growth of algae. 

A further perusal of the summarised results recorded in Table 13 indicates 
that algae also retard the loss of nitrogen and the loss is checied more by Chlorella 
than by Anabaena though Anabaena is a nitrogen fixer. The retardation is more 
pronounced when algae and phosphates arc introduce d together. The total 
available nitrogen is always less in the algal si ts than those of the sets without 
algae ; the number of amino acids being more in the algal sets. , 

The retardation in nitrogen loss by alpe seems to be due to the fact that 
algae, for their own growth, take available nitrogen from the system ' and thus a 
part of the available nitrogen is converted into organic nitrogen which is compara- 
tively stable. At the same time carbohydrates and proteins synthesised by algae 
exert a negative catalytic effect on the nitrogen changes resulting in the formation 
of ammonium nitrate. 

Hence, from these investigations we conclude^ that phosphates as well as algae 
retard the loss of nitrogen resulting by the addition ot nitrogenous fertilisers to 
soils The maximum retardation of nitrogen loss is observed when both, algae 
(Chlorella or Anabaena) and phosphate, are incorporated together into soils. 
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Precipitation and Solubility of Chromium Phosphate 

By 


N. R. DHAR & R. C. KAPOOR 


Sheila Dhar Institute of Soil Sceince, University of Allahabad, Allahabad 


Chromium phosphate was prepared by allowing a mixture of chromium 
nitrate and disodium hydrogen phosphate to react at room temperature with 
aeitation for 5-6 hours. The precipitate so formed was filtered olF, washed rapidly 
OTth water and then with ethyl alcohol. It was then dried in an oven at 80 'G, 
analysed for its constituents and found to have the composition, 1‘05 Cr,0,. PjOj. 
12-08 HjO. This shows that the precipitation of the phosphate from chromium 
nitrate solution and disodium hydrogen phosphate proceeds by the following 
equation : 

Gr(N03)3 + NaaHPO^ = CrPO. + 2 NaNO, + HNOj 
The precipitated phosphate has been observed to undergo hydrolysis in water 
with the liberation of small amounts ofPjOj and GraOj. The amounts of PjOj and 
Cr O3 passing into the solution at SO^G are 0-3014 and 0-2533 millimoles per litre 
reroectively. It has also been observed that the rate of hydrolysis increases -with 
temperature and greater amounts of PgOj and CtjOj pass into the solution. 

Calcium oxide and calcium carbonate have been found to facilitate the 
hydrolysis of chromium phosphate, due to its decomposition into more soluble 
calcium phosphates according to the following equations : 


2 GrPO. 4 - 3 Ca(OH)a = Gag (POjls + 2 Gr(OH)a „ „ 

2 GrPot + 3 GaCOg + 6 HgO = Ga3(P04)2 + 2 Gr(OH)s + 3 HjGOj 


Weak organic acids viz., acetic, formic, tartaric and citric have been found 
to increase the solubility of precipitated chromium phosphate to dififermt extente. 
On the basis of their dissolving action on the phosphate, these acids can be 
arranged in the following order : 

Citric > Tartaric > Formic > Acetic 


It appears that the structural characteristics of the organic anion ^d H+ 
ion concentration play an important role in incre^ing the solub^ty of the phos- 
phate. Carbonic acid, however, has been found to have a depressmg efirct 
In the solubility of the phosphate. This is due to the fact that basic character 
of chromium hydroxide is not high and, therefore, fomation o “ 

bicarbonate takes place with difficulty and, therefore, a decrease m the solubhty. 

Thus it is evident from the observations recorded jSer^Se 

acids which are formed during the slow oxidation of organic matter as mtennediatc 
pSucts are morTeff^ the final product carbonic acid m dissolving the 

phosphate and thus making them available for crops m soils. 

Albalies have been observed to have a decomposing 
Maximum decomposition has been observed with sodium y ’The action of 

sodium carbonate and sodium bicarbonate in which it is least. The action (A 
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alkalies on the phosphate has been explained on the solubility product Consi- 
derations, 

The solubility of chromium phosphate has been found to increase markedly 
in presence of decomposing organic matter like glucose, wheat straw and finely 
divided bituminous coal. Of these glucose has been observed to cause maximum 
increase in the solubility of the phosphate. This is due to the fact that glucose 
being a soluble carbohydrate is readily oxidised whereas wheat straw, a chiefly 
cellulosic material and bituminous coal, a petrified organic matter are not easily 
oxidised. The increase in the solubility of the phosphate in presence of decom- 
posing organic substances has been attributed to the dissolving action of various 
organic acids which are produced as intermediate products during its decom- 
position and oxidation. 

Details will be published elsewhere. 

One of the authors (R. G. K.) is greatful to the Ministry of Education. 
Govt, of India for the award of a Senior Research Training Scholarship, 
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Nitrogen Loss from Soils, Part n. Retardation in Nitrogen 
Loss by Organic matter and Phosphate 

By 

N. R. DHAR & A. K, RISHI 
Sheila Dhar Institute of Soil Science, University of Allahabad 


Abstract 

The influence of organic matter (wheat straw) in presence and absence of 
phosphate (Tata basic slag) on checking the loss of nitrogen resulting by the addi- 
tion of ammonium sulphate and ammonium nitrate to the soil was studied. 

The loss of nitrogen was appreciably checked by the addition of organic 
matter and the retarding influence was much pronounced when phosphate was 
incorporated along with organic matter. There was an increase in the available 
nitrogen in the systems having organic matter and phosphate. From these inves- 
tigations it has been concluded that the addition of organic matter and phosphate 
is essential for maintaining the nitrogen and humus ol soils. 


lotrodoction 


The value of organic matter in land fertility has been realized from ancient 
times. Considering its importance Job B. Abfaot^ of Vermont, U. S. A. states ; 
“If ail accumulated soil wisdom of a hundred generations of master farmers were 
boiled down to just three sentences, one of these sentences ccriainly would be : 
provide for regular and frequent replenishment of the supply of organic matter in 
the soil”. 


Rahn® found that phosphatic manures were available only when used in 
conjunction with organic matter. Hester and Shelton®, Mt tz^r‘ and Scarseth 
and others®-® reported that organic matter has a benehcial effect m keeping the 
phosphate available for plant use. 

The advantages of incorporating organic matter along with phosphatic 
fertilizers into the soil are widely realized. This informatiqn^^has been denwd 
from the plant uptake and response data. Dhar , Levin , Sandhoff and 
others^*-®! have reported that by the addition of organic matter Md phosphate to 
soils, much better results are obtained than with either of them when used alon^ 
An increase in the fertilizing efficiency was observed when was reinforced 

with 25-40 lbs. of super phosphate or 40-80 lbs. ol rock phosphates per ton- . 

In the U. S. A.®* the following results were obatined showing marked nitrogoi 
fixation and increased corn yield by a mixture ol phosphate and manure : 


Average of three 
field treatments 

No manure 
Manure 

Manure + phosphate 


Nitrogen in soil 
per acre in lbs. 

1600 

1760 

1990 
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Corn yield in 
bushels per acre. 

17 

36 

51 



Recently basic slag has found a world wide application as the phosphating 
fertilizer in soils. Hamawi and Hashish^* observed an increased efficiency of basic 
slag in physiologically acid conditions. Ling and Muir*^ and Gasiorowski^® and 
others®’’®" have reported beneficial effect of basic slag on crop production. Dhar*i 
has obtained greater yields of paddy and wheat when organic matter was ploughed 
along with basic slag. 

Generally better yield of crops has been observed with a miss-ture of mineral 
nitrogen and organic matter than with mineral nitrogen alone®®’®*. The Norfolk 
rotation experiments by Rayns and Culpin®® show better yields of crops with a 
mixture of ammonium sulphate and dung or ammonium sulphate and straw than 
with mineral nitrogen when used alone. Johnson*® found that the average yield of 
potatoes was 155 bushels when one ton of a 6-4-8 fertilizer was added but when a 
green manure crop was turned under previous to the additions of the fertilizer, the 
average yield was raised to 239 bushels. 

Keeping all these researches in view we carried out the present experiments 
to study retardation in nitrogen loss by organic matter (wheat straw) and phos- 
phate (Tata basic slag). 

Experimental 

0-2'Vo N as ammonium sulphate and ammonium nitrate was added to different 
flasks containing 200 gms of soil in each flask. Wheat straw (1% G) and Tata 
basic slag (0-25% PjOg) was introduced into the flasks, 40"/o moisiure was main- 
tained throughout the experimental period. Two similar sets were arranged, one 
was exposed to the light of a 500 watt electric bulb and the other was covered by 
thick black cloth. Composite samples were analysed after 100, 200 and 300 days 
for total carbon, total nitrogen, ammoniacal and nitrate nitrogen and amino acids. 

Analysis of original soil and wheat straw 


% Analysis 

Soil 

Wheat straw 

Moisture 

4-24 

- 

Loss on ignition 

7-136 

91-0165 

HCl insoluble 

70-09 

6-1286 

Sesquioxide 

10-873 

1-4296 

FcaOg 

4-327 

0-6682 

A1j|03 

- 

- 

CaO 

5-081 

0-6554 

MgO 

1-901 

0-1376 


0-4683 

0-4903 

K^O 

1-5964 

0-7788 

Available PjOg 

0-0431 

- 

Total carbon 

3-0088 

38-1643 

Total nitrogen 

0-2382 

0-5902 

NH3— N 

0-0088 

- 

NO3— N 

0-0155 

- 

pH 

7-65 

- 
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The amino acids identified have been abbreviated follows : 


Gly for glycine 
Al for Alanine 
Va for Valine 
Se for Serine 
Th for Threonine 
Ly for Lysine 


Ar for Arginine 
Hi for Histidine 
Glu for Glutamic acid 
Asp for Aspartic acid 
Pro for Proline 
Leu for Leucine 


TABLE 1 

200 gms. Soil + 0*2% N as ammonium Sulphate + 1% carbon as wheat straw 

Av, Temp, 


Period of Total Total Nitrogen N NO 3 — N 

exposure carbon nitrogen loss , % 

indays (gm) (gm) % 


Amino 

acids 

detected 


0 

8-0176 

0-9073 


Light 

0-4176 

0-0310 

100 

6-6669 

0-6576 

27-5 

0-1798 

0-0892 

200 

5-8349 

0-6058 

33-2 

0-1435 

0-1097 

300 

5-3673 

0-5797 

36-1 

0-1169 

0-1229 

0 

8-0176 

0-9073 


Dark 

0-4176 

0-0310 

100 

7-0727 

0-7028 

22-5 

0-2320 

0-0739 

200 

6-4606 

0*6668 

26-5 

0-1818 

0-0899 

300 

6-0524 

0-6400 . 

29-5 

0-1444 

0-0997 


200 gms. Soils 0*2% 

TABLE 2 

JV as ammonium nitrate + 

0 

8-0176 

0-9073 


Light 

0-2176 

0-2310 

100 

6-5992 

0-7491 

17-4 

0-1576 

0-1689 

200 

5-7608 

0-6874 

24-2 

0-1329 

0-1486 

300 

5-2056 

0-6700 

26-2 

0-1273 

0-1424 

0 

8*0176 

0-9073 


Dark 

0-2176 

0-2310 

100 

7*0339 

0-7963 

12-2 

0-1835 

0-1973 

200 

6-4136 

0-7574 

16-5 

0-1675 

0-1885 

300 

5-9734 

0-7358 

18-9 

0*1566 

0'18l5 


Al, Ar, Glu. 

Al, At, Glu, Va, Leu. 
Al, Ar, Glu, Va, Lea,, 
Gly. 

Al, Glu, Va, Leu, Gly, 
Asp. 


Al, Ar, Glu. 

Al, Ar, Glu, Va. 

Al, Ar, Glu, Va, Gly. 
Al, Glu, Va, Gly., A^ 


carbon as wheat straw 


Al, Ar, Glu. 

Al, Ar, Glu, Va, Gly, 

Al, Glu, Va, Gly, Leu. 
Al,Va, Gly, Glu, Loo, 
Asp. 


Al, Ar, Glu. 

Ar, Glu, Gly, 

Al, Glu, Gly, Va. 

Al, Glu, Gly, Va, Asp. 
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TABLE 3 

200 gms. soil + 0*2% N as ammonium sulphate + 1% carbon as wheat straw + 

0*25% as Tata baAc slag Av. Temp. 30^C 


Period of Total Total 
exposure carbon nitrogen 
in days (gm) (gm) 


Nitrogen 

loss 


% 


NH3-N 

(gm) 


NO3— N 

(gm) 


Amino 

acids 

detected 


0 

8-0176 

0-9073 


Light 

0-4176 

0-0310 

Al, Ar, Glu. 

100 

6-5084 

0-6967 

23-2 

0-1949 

0-1038 

Al, Ar, Glu, Va, Leu,Gly, 

2Q0 

5-6266. 

0'6i62 

27-7 

0-1636 

0-1278 

Al, Glu, Va, Leu, Gly, 

300 

5-1365 

0-6382 

29-7 

0-1401 

0-1440 

Asp. 

Al, Glu, Va, Leu, Gly, 

0 

8-0176 

0-9073 


Dark 

0-4176 

0-0310 

Asp, Hi. 

Al, Ar, Glu. 

100 

6-94o2 

0-7323 

19-3 

0-2449 

0-0P.49 

Al, Ar, Glu, Gly, Va. 

200 

b-3025 

0-7047 

22-3 

0-1979 

0-1038 

Al, Ar, Glu, Gly, Va, Leu 

300 

5-8668 

0-6830 

24'7 

0-1636 

0-1167 

Al, Glu, Gly, Va, Leu, 





TA.BLE 4 


Asp. 


200 gms. Soil + 0*2% K as ammonium nitrate + 1% carbon as wheat straw + 0*25% 

P2O5 as Tata basic slag 


0 

8-0176 

0-9073 


Light 

0-2176 

0-2310 

Al, Ar, Glu. 

100 

6-4383 

0-7933 

12-6 

0-1/40 

0-1849 

Al, Ar, Glu, Va, Leu. Gly, 

200 

5-5184 

0-7436 

18-0 

0-1541 

0-1688 

Al, Glu, Va, Leu, Gly, 

300 

4-9705 

0-7367 

18-8 

0-1512 

0-1658 

Asp, Hi. 

Al, Glu, Va, Leu, Gly, 

0 

8-0176 

0-9073 


Dark 

0-2 1 76 

0-2310 

Asp, Hi. 

Al, Ar, Glu, 

100 

6-9049 

0-8291 

8-6 

0-1976 

0-2102 

Al, Ar, Glu, Gly, Va. 

200 

6-2513 

0-7991 

119 

0-1846 

0-2U47 

Al, Ar, Glu, Gly, Va.Leu. 

300 

5-7832 

0-7829 

13-7 

0-1765 

0-2007 

Al, Glu, Gly,Va, Leu, Asp 


TABLE 5 

Pencentage loss of nitrogen after 300 days 


Treatment 

Alone 

With wheat 
straw 

With wheat straw 
and Tata basic slag 

Ammonium 

Light 

46-3 

36-1 

29-7 

sulphate 

Dark 

36-0 

29-5 

24-7 

Ammonium 

Light 

36-6 

26-2 

18-8 

nitrate 

Dark 

25-5 

18-9 

13-7 
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Discussioci 

The condensed results recorded in Table 5 indicate clearly that wheat strAW 
appreciably retards the loss of nitrogen more so in the systems exposed to light 
Comparative results of retardation by algae (Part 1) and organic matter show that 
wheat straw is more effective than algae in checking the loss of nitrogen. The 
retardation in nitrogen loss being more pronounced when phosphate as Tata basic 
slag is incorporated along with wheat straw. 

The retardation by w^heat straw is explained from the viewpoint that carbon- 
act ous matter acts as negative catalyst and retards the process of nitrification, an 
oxidation reaction, in which there is always the possibility of the formation of the 
unstable and explosive substance, ammonium nitrite, which breaks to give nit^c^m 
gas as explained earlier. It is well known that carbohydarates act as protein 
sparers in the animal body. Similarly the soil carbonaceous subitanccs like 
cellulose, lignin etc. retard the oxidation of proHns, amino acids and ammonium 
salts by air and thus act as protectors of soil nitrogen. Rishr’’ has observed that 
the oxidation of proteins and amino acids like gelatine, glycine, hippuric acid and 
creatine in soils is markedly retarded when wheat straw is incorporated into the 
soils. Dhar^s shown that carbohydrates and fats act as negative catalyits and 
retard the oxidation of amino acid and proteins. 

This conclusion is further supported by the observations that the number of 
amino acids and the total available nitrogen is always more in the systems contain- 
ing wheat straw and slag than those of the systems without these substances. 

Hirschlers® pointed out that the decomposition of protein by micro-organisms 
is modified by the presence of carbohydrates. According to him bacteria ,do not 
decompose large amounts of protein in presence of available carbohydrate* This 
factor may also contribute to the retardation of nitrogen loss by carbonaceous 
matter. 

Moreover, the organic matter (in the form of wheat straw) when added to 
soil surface undergoes slow oxidation aided by air and light and liberates ener^ in 
this process, which is utilized in fixing atmospheric nitr<^en. Thus, a part of the 
nitrogen lost is compensated by the fixation of atmospheric nitrogen. 

The pronounced retardation in presence of Tata basic slag is due to the fact 
that phosphates form phosphoproteins with the proteins and nitrogenous compoumk 
in the soil, which are more resistant to oxidation than proteins, ammo and 

ammonium salts. Moreover, phosphates markedly increase nitrogen fixaticm m 
presence of organic matter. ^ , 

Thus, it is concluded from the foregoing observations and discussion that the 
addition of nitrogenous fertilizers should always be supplemented by a mixture oi 
organic matter and phosphate if the nitrogen and humus status of soils and, 
thereby, the fertility has to be maintained or increased. 
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Enhanced Oxidation of Carbohydrates in the nitrification 
of inorganic nitrogenous fertilisers 

By 

N. R. DHAR & SMITA CHOWDHRY 
Sheila Dhar Institute of Soil Science^ Allahabad University 

for a longtime the organic school of crop production i.e,^ those who decay 
the use of artificial fertilisers alone have stated that humus loss or carbon oxidation 
by air is accentuated by adding nitrogenous fertilisers. Fox has shown that 
ammonium sulphate may bring about the breakdown of soil structure. Ruschmann 
holds the view that mine ral nitrogenous fertilisers accelerate the breaking down 
of soil humus. Dhar and Go workers have carried out a large number of experi- 
ments regarding the inflxience of different nitrogenous compounds on the oxidation 
of soil humus and have shown that in presence of nitrogenous fertilisers the humus 
carbon is oxidised by air at a greater speed than in their absence. In view of the 
above considerations further experiments were carried out to observe the effect of 
inorganic nitrogenous fertilisers on the oxidation of carbohydrates. 

Experimental Procedure 

2-5 gms of washed oven dried and sieved titania were we^hed into a lai^e 
number of conical flasks. To each of these flasks were added 400 c.c. of a solution 
containing 2% carbon as glucose. All these fldsks were plugged with cotten wool 
and exposed to light from a 100 watt electric bulb for 6-8 hours daily. An 
identical set of flasks was next pr epared, covered with a thick black cloth to cut 
off all light and placed alongside the exposed flasks. 

The above procedure was repeated using solutions containing 6 % carbon 
as glucose, 0^05% or 0*1% nitrogen as ammonium sulphate and 2% or 6% carbon 
as glucose, 0*05% or 0-1% nitrogen as ammonium nitrate plus 2% or 6% carbon as 
glucose 0*05% or CM% nitrogen as calcium nitrate plus 2% or 6% carbon as glucose 
and suspensions containing 2% or 6% carbon as starch, 2% or 6% carbon as starch 
plus 0 05% or <"1% nitrogen as ammonium sulphate, 2% or 6% carbon as starch 
plus 0’05% or 0*1% nitrogen as ammonium nitrate and 2% or 6% carbon as starch 
plus 0*05% or 0T% nitrogen as calcium nitrate. In every case 2*5 gms of titania 
were used as surface and 400 c.c. of ihe solution or suspension introduced into 
each flask. 

All the flasks were shaken for a few minutes daily and after definite intervals 
of time the contents of one flask from each set was transferred to a pestle, well 
ground and transferred to a 500 c.c. volumetric flask the volume made up and 
aliquot portions analysed for total carbon according to the methods of Robinson 
and Mclean and Williams. 

Our experimental results indicate that the oxidation of carbon is enhanced 
when inorganic nitrogenous fertilisers are added to aqueous solutions or suspensions 
of glucose or starch in presence of titania as a surface both in exposed and covered 
systems though always greater in the former than in the latter. 

Our results also show that the oxidation of carbon with 2% and 6% carbon 
as glucose or starch is in the following descending order. 

Calcium nitrate > ammonium nitrate > ammonium sulphate. 


r 425 ] 



System 


% Carbon oxidation after 180 days 


Light Dark 

2% carbon as glucose 31-10 22-05 

2% carbon as glucose -f" 0-05“ 'r N as anamonium sulphate S'! -20 22*16 

2% carbon as glucose -f 1% N as ammonium sulphate 36 90 23-85 

2% carbon as glucose -f 0-05% N as ammonium nitrate 36-90 24-91 

2% carbon as glucose -h 0-1% N as ammonium nitrate 39-30 26-30 

2% carbon as glucose + 0-5% N as calcium nitrate 40-60 27-46 

2% carbon as glucose + 0-1% N as calcium nitrate 50-40 32-65 

2% carbon as starch 26-30 17-05 

2% carbon as starch -h 0-05% N as ammonium sulphate 28-20 j 9-05 

2% carbon as starch + 0-1% N as ammonium sulphate 29-50 19-51 

2% carbon as starch + 0-05:!;; N as ammonium nitrate 31-50 21-05 

2% carbon as starch + 0-1% N as ammonium nitrate 36*31 23-90 

2% cai bon as starch ■+ 0-05% N as ca cium nitrate 34-25 23-00 

2% carbon as starch + 0-1% N as calcium nitrate 41-90 27-00 

6% carbon as glucose 18-87 12 66 

6% carbon as glucose + O' 5% N as ammonium sulphate 20-06 13*22 

6% carbon as glucose-l-0-l'’> N as ammonium sulphate 21-06 13-35 

6% carbon as glucose -V 0*05 N as ammonium nitrate 22-30 14-36 

6% carbon as glucose -h 0-1% N as ammonium nitrate 25-46 16-50 

6% carbon as glucose + O-05'^'o N as calcium nitrate 24-80 1 6*33 

6% carbon as glucose + 0*1% N as calcium nitrate 30'50 19*93 

6% carbon as starch 13-61 8*77 

6% carbon as starch -J- 0-05% N as ammonium sulphate 14*43 9-65 

6% carbon as starch + 0*1% N as ammonium sulphate 15*26 10 05 

6% carbon as starch + 0*05% N as ammonium nitrate 16*93 11-05 

6% carbon as starch 4* 0*1%, N as ammonium nitrate 20*16 13*27 

6% carbon as starch -4- 0-05% N as calcium nitrate 18*91 12-38 

6% carbon as starch + 0‘l%o N as calcium nitrate 23*91 15-38 


As the initial concentration of the various nitrogenous compounds used -was 
raised from 0-05% nitrogen to 0-1% nitrogm there was observed an increase in 
the rate as well as the amount of carbon oxidised in the various systems. Moreover 
this increase was always observed to be greater in light than in dark. 

Allison and Murphy found that when finely ground woods and barks from 
a tree species were incubated with a sandy loam, leached of nitrogen and mixed 
with known amounts of urea or ammonium nitrate an average of 30*3% of the 
wood carbon was released as carbondioxide in the absence of nitrogen in the 
first 60 days while 45*1% was released in its presence. The corresponding values 
for bark were 22*4 and 24*5% respectively. 

Similarly Lucken, Hutchean and Paul found that addition of ammonium 
nitrate accelerated the initial decomposition of wheat straw and lucerne in clay 
loams of 6% and 1*64% organic carbon incubated with various crop residues. 

It seems that in presence of these nitrogenous fertilisers the main end product 
of nitrification is nitrate which being a marked oxidising agent can directly react 
with the carbonaceous compounds and oxidise them. Tliis point is further 
supported by our experimental results which show that calcium nitrate and 
ammonium nitrate enhance the oxidation of glucose and starch to a greater 
extent than does ammonium sulphate. 
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Fixation of Nitrogen by Algae in Presence and Absence of 
Wheat Straw and Basic Slag 

By 

N. R. DHAR & A. K. RISHI 

Sheila Dhar Institute of Soil Science y University of Allahabady Allahabad 

Abstract 

Nitrogen fixation by blue* green algae, Anabaena naviculoides and Tolypothrix 
tenuis, in Allahabad loam w<as studied. Observations show Tolypothrix as a 
better nitrogen fixer than Anabaena. 

Compared to the nitrogen fixed by organic matter and phosphate the amounts 
fixed by algae are small. 

Experimental results indicate that growth of algae and, thereby, the efficiency 
of nitrogen fixation by algae is enhanced in presence of wheat straw and Tata 
basic slag. 


Introduction 


Some blue-green algae of the family Nostococaceae have been observed to 
fix atmospheric nitrogen. The first evidence in this regard was provided by FrancF 
in 1^89. Fixation in pure cultures was later confirmed by Drewes^ Fogg® and 
De^. Allison and Morris® and others^ observed nitrog-n fixation with other 
species. 10-20 mg of nitrogen per 100 ml were fixed in 50-60 days with pure 
cultures of Nostoc®, 

Jensen^ observed a gain of 2T to 3'6 lbs of nitrogen with the blue-green 
algae. Schleering and Laurent^^ show similar gains in soil nitrogen. Watanabe^^ 
has reported a gain of 7B0 lbs of nitrogen per acre by Tolypothrix tenuis. De*, 
Fogg® and Williams and Bur ris^^ believe that blue-gieen algae may be of some 
importance in contributing to the fertility of certain tropical soils and some types 
of fresh water. 


Peaisalli® observed blue-green algae frequently in abundance in fresh water, 
specially in neutral and alkaline waters, with a relatively high content ot oigamc 
matter and low content of nitrate. Bristol Roach'^ found that generous dressings 
of farmyard manure increased the number of blue -green algae as compard to tne 
unmanured soil. Phosphate and calcium supply appear to be _ important tactom 

for the growth of algae'®. Gains in nitrogen were observed m rice soil on apply- 

ing CaGO^ and 

Gupta” have observed that organic matter is far more ‘ 

green algae in increasing the soil fertility. Pfeiffer ef al mtitrihiite much 

that algae grow mainly on the soil surface and hence do no 

towards soil fertility. Ui. 

Taking into consideration the above cited of 

necessary to lay certain experiments for quantitatively un rs ^afiraloidci and 
algae in nitrogen fixation. Nitrog^m fixation by algae, ^ na ae matter 

Tolypothiix tenuis, was compa^-ed with the fixation of ni rogen > i ^ straw 
and phosphate. Moreover, nitrogen fixation by algae m presence of 
^d Tata basic slag was also studied. 
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Experimental 

200 gms of Allahabad loam after passing through 60 mesh sieve was takp * 
500 ml flasks. 1% carbon as wheat straw and 0*25% PgOg as Tata basic slag ^ 
introduced when required. Algae, Anabaena naviculoides and Tolypothrix teiT^ 
were inoculated wherever necessary. 40 ’^'o nioisture was maintained through 
the experimental period. Two similar sets were arranged, one was exposed^^ 
light of a 500 watt electric bulb and the other was placed beside it covered bv ^ 
thick black cloth. After 100, 200 and 300 days, composite samples were taken o t 
and analysed for total carbon, total nitrogen, ammoniacal and nitrate nitrogen a 
amino acids. Amino acids were detected by paper chromatography. ^ 


The following medium was used for the growth of Anabaena naviculoides and 
Tolypothrix tenuis. ^ 

KNO3 

0‘2gm 

K3HPO4 

0*2 gm 

MgSOi 7H3O 

0*2 gm 

GaClg 

0*1 gm 

FeClg [1%) 

3 drops 

Distilled water 

1000 ml. 

Analysis 

of Allahabad loam, wheat straw and Tata basic slag 

% Analysis 

Soil 

Wheat straw 

Tata basic sl^ 

Moisture 

3-26 

— 


Loss on ignition 

4-6731 

91-0165 

1 

HGl insoluble 

76-185 

6-1286 

22-5421. 

Sesquioxide 

8-1361 

1-4296 

33-7432 

FeaOg 

3-1689 

0-6682 

17-7816 

AI2O3 

- 

- 

15-9622 

CaO 

1-8532 

0-6554 

22-4236 

MgO 

1-5324 

0-1376 

4-0426 


0-2386 

0*4903 

7-9238 

K,0 

1-1476 

0-771.8 

0-9158 

Available P^Oj 

0-0279 

— 

4-0724 

Total carbon 

0-9458 

38' 1643 

_ 

Total Nitrogen 

0-0775 

0-5902 


NH3— N 

0-0028 



NO3— N 

0-0053 

— 


pH 

7-45 

- 



The amino acids identified have been abbreviated as follow^s 
Gly for Glycine Ar for Arginine. 

A1 for Alanine Hi for Histidine. 

Va for Valine Glu for Glutamic acid. 

Se for Serine Asp for Aspartic acid. 

Ly for Lysine Leu for Leucine. 

As for Asparagine Pro for Proline. 
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TABLE 1 


200 gms of soil alone 


Av, Temp. 30°G 


Period of 
exposure 
in days 

Total 

carbon 

(gm) 

Total 

nitrogen 

(gm) 

NH3— N 
(gm) 

NOa— N 
(gm) 

Amino acids 
Efficiency detected 

0 

1-8616 

0-1550 

Exposed 

0-0056 

0-0106 


Al, Glu. 

.100 

1-7441 

0-1570 

0-0062 

0-0116 

13-6 

Al, Glu, Va. 

■ 200 

1-6480 

0-1582 

0-0067 

0-0122 

13-1 

Al, Glu, Va, Gly. 

300 

1-6039 

0-1574 

0-0065 

0-0120 

- 

Al, Glu, Va, Gly. 

0 

1-8916 

0-1550 

Covered 

0-0056 

0-0106 


Al, Glu. 

100 

1-7865 

0*1560 

0-0060 

O-Oill 

9*5 

Al. Glu. 

200 

1-7182 

0-1566 

0-0Q62 

0-0114 

9-2 

Al, Glu. 

300 

1-6871 

0-1561 

0-0061 

0-0112 

— 

Al, Glu, Va. 

0 

3-8916 

TABLE 2 

200 gms of soil 4- 1% carbon as wheat straw 

Exposed 

0-1859 0-0056 0-0106 - Al, Glu. 

100 

3-1932 

0-2049 

0-0085 

0-0159 

27-2 

Alj Glu, Va^ Leu. 

200 

2-7585 

0-2160 

0-0103 

0-0193 

26-2 

Alj Giu^ Va^ Leu^ Asp 

300 

2-4688 

0-2146 

0-0098 

0-0186 

- 

Al, Glu, Va, Leu. Asp 


Ar, Ly. 


Covered 

0 3-8916 0-1859 0-0056 0-0106 - Al, Glu. 

100 3-4046 0-1935 0-0077 0-0141 15-6 Al, Glu, Va. 

200 3 0894 0-1981 0-0092 0-0165 15-2 Al, Glu, Va, Leu. 

300 2-8531 0-1973 0-0089 0-0160 - Al, Glu. Va, Leu, 

Asp, Ar. 

TABLE 3 


200 gms soil-\-\°/o carbon as Wheat jfraa)4'0-25% P as Tata basic slag 

Exposed 


0 

3-8916 

0-1859 

0-0056 

0-0106 

- 

Al,GIu. 

100 

3-0861 

0-2228 

0-0097 

0-01C9 

45-8 

Al, Vlu,Va,Leu,Asp 

200 

2-6164 

0-2434 

0-0131 

0-0236 

45-1 

Al, Glu, Va, Leu, 
Gly, Asp, An 

300 

2-3045 

0-2416 

0-0125 0-0228 

Covered 


Al, Glu,Va,Leu,Gly, 
Ar, Ly, As, Hi. 

0 

3-8916 

0-1859 

0-0056 

0-0106 

- 

Al, Glu. 

100 

3-3148 

0-1998 

0-0087 

0-0157 

24*1 

Al, Glu, Va, Leu. 

200 

2-9777 

0-2074 

0-0109 

0-0194 

23*6 

Al, Glu, Va, Leu, 
Gly, Ar. 

300 

2-7286 

0-2064 

0-0105 

0-0189 


Al, Glu, Va. Leu, 
Gly, Ar, Hi. 
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TABLE 4 

200 gms af soil + Anabaena 


Period of 
exposure 
in days 

Total 

carbon 

(gm) 

Total 

nitrogen 

(gm) 

NHg— N 
(gm) 

NO,— ^ 
(gm) 

0 

1-8916 

0-1550 

Exposed 

0-0056 0-0106 

100 

1-7694 

0-1586 

0 0060 

0-0113 

200 

1-6907 

0-1604 

0-0064 

0-0118 

300 

1-6430 

0-1596 

0-0063 

0-0117 


200 gms soil + 

TABLE 5 

1% carbon as wheat st 

0 

3-8916 

0-1859 

0-0056 

0-0106 

100 

3-3466 

0-21U3 

0-0082 

0-0153 

200 

2-9388 

0-2278 

0-0098 

0-0182 

300 

2-6371 

0-2262 

0-0093 

0-0175 


Efficiency 


Av. Temp. 30°O 

Amino acids 
detected 


- Al, Glu. 

29-5 Al, Glu, Va, Asp. 
26-9 Al. Gly, Va, Asp. 

- Al, Glu, Va, Asp, Se. 


- Al, Glu. 

48-4 AJ, Glu, Leu, Asp, Se. 
43 9 Al, Glu, Leu, Asp, Se, 
Ar. Pro. ’ 

- Al, Glu, Leu, Asp, 

table 6 

200 ml + 1% cahon as wheat straw + 0-25% P.^0, as Tata basic slag + Anabaena 

Exposed 

Al, Glu. 

Al, Glu, Va, Leu, 
Asp, Se. 

Al, Glu, Va, Leu, Asp, 
Se, Ar, Pro. 

Al, Glu, Leu, Asp, Se, 
Ar, As, Hi, Pio. 


0 

100 

3-8916 

3-2483 

0-1859 

0-2ol2 

0-0056 

0-0092 

0-0106 

0-0181 

70-4 

200 

2-8129 

0-2576 

0-0124 

0-0223 

66-5 

300 

2-4688 

0-2557 

0-0120 

0-0217 



0 

100 

200 

30o 


TABLE 7 

200 gms soil -f T olypothrix 
Exposed 

1-8916 C-1550 0-0056 0-0106 

1-7725 0-1590 0-0062 0 0ll6 

1-6958 0-1610 0-0069 0-0123 

1-6500 0-1601 0-0067 0-0121 


- Al, Glu. 

33’6 Al, Glu, Asp, Se. 
30-6 Al, Glu, Asp, Se. 
Al, Glu, Asp, Se. 


0 

100 

200 

300 


table 8 

200 gms soil -f % carbon as wheat straw + Tolypothrix 
Exposed 


3-8916 

0-1859 

0-0056 

0-0106 


3-3993 

0-2116 

0-0088 

0-0159 

52-2 

2-9550 

0-2302 

0-0107 

0-0189 

47-3 

2-6542 

0-2284 

0-0105 

0-0182 



Al, Glu. 

Al, Glu, Asp, Se, Va. 
Al, Glu, Leu, Asp, 
Se, Pro. 

Al, Glu, Leu, Asp, Se, 
Ar, Pio. 
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TABLE 9 

200 gms soil + 1% carbon as wheat straw + 0-25% as Tata bask 

slag + Tolypothrix Av. Temp* 3(fC 


Expo sed 


0 

3-8916 

0-1859 

0-0056 

0-0106 


Al, Glu. 

100 

3-2507 

0-2329 

0-0097 

0-0190 

47-5 

Al, Giu, Va, Asp Sc. 

200 

2-8305 

0-2606 

0-0130 

0-0237 

70-4 

Al, Giu, Va, Leu, 
Asp, 1^, Ar, Pro. 

300 

2-5067 

0-2585 

0-0127 

0-0229 


Al, Giu, Leu, Asp, 
Se, Ar, Hi, Pro. 


Discussion 

A perusal of the results recorded in Table 1-3 reveals that wheat straw when 
added to the soil undergoes slow oxidation on soil surfice in presence of air and 
moisture and fixes atmospheric nitrogen. Carbon oxidation and nitrogen fixation 
are markedly enhanced in the systems phosphated with Tata basic sl^. TTie 
increase -in carbon oxidation seems to be due to its alkaline nature. The increase 
in nitrogen fixation is due to the f ormation of comparatively stable phosphopm- 
teins by phosphate supplied by Tata basic slag. Moreover the oxidation of carton 
as well as the efficiency of nitrogen fixation are always greater in the systems 
exposed to light than that of the sets kept covered by black cloth* 

The total available nitrogen and the number of amino acids is appreciably 
enhanced in the systems receiving straw and phosphate. Greater number of amino 
acids in^the systems containing straw may be partly from the nitrogen fixed and 
partly due to the hydrolysis of straw protein. It is fascinating to note tore that 
slag favours the formation of basic amino acids like lysine, arginine and histidine. 

A careful examination of the results (vide tables 1-9) indicate that Anabaena 
naviculoides as well as Tolypothrix tenuis fix atmospheric nitrogen in the systems 
exposed to light, Tolypothrix being a better nitrogen fixer than Anabaena. ‘No 
fixation of nitrogen by algae however was observed in the systems kept covered 
by black cloth. Though nitrogen fixed by alage as compared to organic materials 
and phosphate was small yet fixation of nitrogen by Anabaena as well as Toly- 
pothrix was greatly enhanced in presence of wheat straw and basic slag. The 
summarised results of the nitrogen fixed by algae after 200 days of exposure are 
recorded in Table 10. 

TABLE 10 

Nitrogen fixed {mg) by algae 

Anabaena Tolypothrix 

Soil 2-2 2-8 

Soil + Wheat straw 1 1*^ 

Soil -p Wheat straw + Slag 14*2 17*7 

Frnm these results it can easily be concluded that wheat straw as wd.1 as 
basic slag when added to soil greatly enhance the growth of algae and, thereby, 
the nitrogen fixation. It is interesting to record here that saving of carbon resets 
in all the systems inoculated with algae ; the saving being slightly pronounced in 
the systems having Tolypothrix than that of the systems having Anabaena. 

! again shows that the growth of algae is enhanced by carbonaceous material and 
phosphate. Other workers also have reported increased growth of algae m 
presence of different organic materials^^»^^ and phosphates^®>^®. 
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Efficiency ue, the amount of nitrogen fixed in milligrams per gram of carbon 
oxidised is always maximum at 100 days with different treatments and is recorded 
in table 11. 

TABLE 11 

Efficiency of nitrogen fixation {mg Njgram carbon oxidised) 


Inoculated 

Uninoculated Anabaena Tolypothrix 

Soil 13-6 29*5 33*6 

Soil + Wheat straw 27*2 48*4 52*2 

Soil 4* Wheat straw + Slag 45*8 70*4 74*5 


The foregoing results clearly show that the efficiency of nitrogen fixation 
is always higher in the systems inoculated with algae than that of tiie uninoculated 
systems ; the efficiency of nitrogen fixation by Tolypothrix being greater than 
Anabaena. 

Curiously enough, the efficiency of nitrogen fixation finds a slow fall in the 
. next lOO days while in the algal systems the fall is abrupt. 

Moreover, serine and proline appear frequently in the algal systems in addi- 
tion to alanine, valine, glutamic acid, aspartic acid, lysine, leucine and histidine. 
Thus serine and proiine seem to result from the exudates of algae. 

Hence from the above data and discussion the following conclusions are made: 

1. Anabaena naviculoides as well as Tolypothrix tenuis fix atmospheric 
nitrogen, I'olypothrix being a better fixer than Anabaena. 

2. The nitrogen fixed by algae is small as compared to that of nitrogen fixed 
by organic matter and slag. 

3. The growth of algae and, thereby, the nitrogen fixed is considerably 
enhanced in presence of wheat straw and Tata basic slag. 
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ibstract 


day, H„ce „h»b..ic .kp «” “taUy 
^ can mam tarn a fairly constant supply of ^-iosphoic 'rid 

i Therestdts furthL show tL' 5 ^;;.: 

phmpua e i; highly soluble m water, therefore, it will be superior to basic siags 
occurring rock phosphates in the conditioiis where plants need 
immediately supply of phosphorus. ncca 


incrodectioo 

Solubility and hydrolysis of a compound are of fundamental importance 
which govern its isolation and occurrence in nature. From the point of view of 
the availability of phosphates to plants, solubility and hydrolysis in water plav an 
important role. Phosphorus is absorbed by plants chiefly as orthophosphat-'ion, 
A characteristic feature of phosphate absorption by plants from soils is the ability 
of plant to accumulate and maintain a high concentration of inorganic phosphates 
within its tissues despite the low concentration of phosphate ion in soil solution 
It is obvious that in order to derive an adequate supply of phosphate from a 
low phosphate concentration soil repeated restoration of the water soluble phos- 
phate seems necessary. The water soluble phosphate in the soil has to be in 
equilibrium with the phosphate in the solid state. If an adequate stock of phos- 
phate is maintained in the soil, the speed with which equilibrium between the soil 
and liquid phase is attained can be considered as an indication of the capacity of 
the soil for providing phosphorus to crops. 

The direct use of mineral phosphates in finely ground form was first 
advocated by Elie de Beaumont^ in 1856 and since then a number of agronomists 
and agriculturists^"^ working in different parts of the world have recommmded 
the application of finely ground unacidulated raw rock phosphate directly to tiie 
field and obtained better crop yields. Wagner^ in Germany and Wrightson and 
Muiirion® in England experimented with finely ground basic slags in about idd4 
and showed that they had a striking influence upon crops, especially those of the 
leguminous order. RusselP stated that superphosphate which is more costly than 
basic slag is more effective than basic slag in the first year but not always in 
subsequent years in light soils. Barnes^ Fried^ Gullen'^^, Cookc^^ and Truog*® 
have reported basic slag to have an efficiency of 40 per cent of that of superphos- 
phate when applied under the same conditions. But on the other haad, Noil, 
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trwin and Gardner^® at jpennsylvania Experimental Station have observed after 
12 years that basic slag is superior to superphosphate and bone meal. Whittakar^^ 
and Vanderford^® obtained marked beneficial effects of basic slags in plant growth. 
Murray^® and Charlon^’ have found that basic slag rich in phosphate is as good 
as superphosphate and can be used as a source of lime and phosphate. Williams 
and Guston'® obtained -remarkable beneficial effects of basic slags in plant 
growth. 

In this paper an attempt has been made to study the effect of time on the 
hydrolysis of Trichinopoly, Bihar and Algerian rock phosphates, Tata, Kulti, 
German and Belgian basic slags and superphosphate. ^ 


Experimental 

1 . Sample : The composition of rock phosphates and basic slags utilised ip 
these experiments is the same as described in the paper^® dealing with the influence 
of temperature on the hydrolysis of these materials. Superphosphate used in 
these experiments contained 18*63% B 20 g and 22*78% GaO. 

2. Solubility determinations : gm of the rock phosphates, basic slags or 

superphosphate, sieved through a 200 mesh sieve was taken in Jena glass botiks 
and 100 ml of distilled water was added to it. The bottles were kept in a 
thermostat maintained at a temperature of 30°G. The contents of the bottles were 
stirred daily. Different sets were used for different intervals of time. After 
definite intervals of time the bottles were taken out of the thermostat and shaken 
for one hour in a mechanical shaker and allowed to stand for some time. T'he 
contents were then filtered. Aliquot portions were utilised for determining 
PgOg^^’^^Time 2 °, pH and electric conductivity. 

A portable Gambridge pH meter and ‘‘Leitfahigkeitnsmesser*’ magic eye 
conductivity bridge (Laboratory model S. No. 177) were utilized for pH and 
conductivity determinations respectively. 


Results 


TABLE 1 

Number of days 50 


Material 

Millimoles 

P 2 O 5 

per litre 

GaO 

pH 

Specific 

conductivity 

in 

mhos X 10’^ 

Tata basic slag 

0-0698 

1-8525 

8-75 

3-42 

Kulti basic slag 

O-0371 

2-8449 

9-15 

5-38 

German basic slag ^ 

0-1535 

2-4041 

8-90 

6-60 

B<dgian basic slag 

0-1415 

2-3623 

8-70 

5-66 

Trichinopoly rock phosphate 

0-0993 

0-8085 

8-00 

2-43 

Bih rock phosphate 

0-1331 

0-4889 

7-85 

2-85 

Algerian rock phosphate 

0-1559 

0-5427 

7-75 

3-22 

Superphosphate 

10-1524 

13-2006 

3-55 

36-18 
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Millimoles per little - 


Specific 

cpttductivity 

Material 

pH 

in 


PaO^ GaO 


mhos X 10'^ 


Number of days 100 


Tata basic slag 0’0803 

kulti basic slag 0‘0448 

6^Tnan basic slag 0‘1780 

Belgian basic slag O' 1636 

Trichinopoly rock phosphate 01123 
Bihar rock phosphate O' 1475 

Algerian rock phosphate 0*1723 

Superphosphate 10'5304 


2- 3011 

3- 5665 
2-9074 
2-7984 
0-9823 
0-5628 
0-5966 

13-8422 


Number of days 150 


8- 95 

9- 30 

7- 00 

8- 85 
8-10 
7-95 
7-90 
3-55 


Tata basic slag 0'0854 

Kulti basic slag 0 0495 

German basic slag 0- 1 938 

Belgian basic slag 0-1998 

Trichinopoly rock phosphate 0- 1295 

Bihar rock phosphate 0-1627 

Algerian rock phosphate 0-1902 

Superphosphate 10-8006 


2- 7081 9-05 

4-0313 9-35 

3- 3240 9-10 

3-2239 8-95 

1-0991 8-15 

0-6537 8-00 

0-6775 8-05 

14-2611 3-60 


4-28 

6- 40 

7- 33 
7-04 
2-82 
3-64 
3-91 

37-20 


4*70 

6-82 

7-64 

7-73 

3-05 

3- 95 

4- 75 
38-16 


Number of days 200 


Tata basic slag 

Kulti basic slag 

German basic slag 

Belgian basic slag 
Trichinopoly rock phosphate 
Bihar rock phosphate 
Algerian rock phosphate 
Superphosphate 

0-0849 

0-0518 

0-2006 

0-1891 

0-1406 

0-1771 

0-2339 

10-9975 

2- 6617 
4-4081 

3- 8120 
3-1019 
1-1525 
0-7393 
0-7672 

14-5043 

9-05 

9-40 

9-25 

8-95 

8-20 

8-10 

8-10 

3-60 

4-59 

6- 92 
8-02 

7- 57 

3- 38 

4- 45 

5- 36 
39-02 


dumber of days 250 



Tata basic slag 0*0785 

Kulti basic slag 0*0499 

German basic slag 0*1885 

Belgian basic slag 0*1802 

Trichinopoly rock phosphate 0*1400 
Bihar rock phosph ate 0*1617 

Algerian rock phosphate 0*2163 

Superphosphate 11*0854 

2-5516 

.4-1869 

3*6551 

2-8697 

1-1903 

0-7 51 
0-7402 
14-6218 

9-10 

9-45 

9-25 

9-00 

8-25 

8*10 

8-15 

3-65 

4-48 

6*80 

7-52 

7-11 

3- 69 

4- 36 

5- 27. 
39-90 
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Discussion 

The experimental results recorded in Table 1 clearly show that the hydro- 
lysis ol spaimgiy soluble basic slags and naturally occurring rock phosphates 
continues ior many days. The solubility of Tata and Belgian basic slags increases 
maximum upto loO days and of Kulti and German basic slags and Trichinopoly, 
Bihar and Algerian rock phosphates increases upto 200 days and afterwards there 
is a fall in the values. These results are supported by electric conductivity 
measurements. It may be due to the fact that the aqueous solutions of rock 
phosphates and basic slags contain Mg++, Ca++, POi— and OH' ions 

and it is probable that in the course of time basic phosphates are likely to be 
formed wliich are less soluble than original phosphates resulting in the partial 
removal of OH^ ions and thereby decreasing the conductivity and solubility. Tte 
decrease in solubility may also be due to the adsorption of the released phosphat-.* 
ions by the oxides of iron and aluminium. In all these experiments the maximum 
time allowed w'as 250 days and if more time is allowed these absorbed ions m: y 
again be released into the solution due to the ageing phenomenon. 

The pH of the aqueous solutions of basic slags and rock phosphates increases 
with lapse of time indicating that more of lime than phosphoric acid passes into 
the solution. This is in agreement with the solubility results. 

Superphosphate is highly soluble in water. The amounts of P^Og and GaO 
passing into the solution with I per cent superphosphate are 9'3200 rmd 12-0162 
millimoles per litre respectively and the pH and conductivity of the aqueous 
solution of superphosphate is 3*50 and 36-40 x lO-"^ mhos respectively^^. It 
appears that the high solubility of superphosphate is due to the p: eV:.nc . of mono- 
calcium phosphate in superphosphate which is water soluble i he results show 
that there are no significant changes in the solubility, pH and el ctr-c ccnductiviiv 
of the aqueous solution of superphosphate with the increa e in the numb r of days. 
As the lesuiting solution of superphosphate is highly aciaic, the' . has Le^n a 
conJdtrable controverDy regarding the power of superphosphate in Ilcj easing the 
acidity of the soil. When superphosphate is added to acidic soils oi soils poor m 
humus containing soluble, salts of iion, aluminium and titanium, superphosphate 
is likely to react according to the following equations : 

CalH.PO^]^ + Fea(SOj 3 = 2FePO, + CaSO, + 

CafKTOj}^ + AhfSOJa = 2 AIPO 4 + GaSO^ + 

2Ga'HJOh2 + 3TiGl4 = Ti 3 (POi )4 + 20^01^ + 8 tIGl 

Tt is cl a' ; therefore, that in such soils the liberation of mineral acids makes 
the s( i] m(>i • rriclic and their lime requirement increases markedly. This explains 
til V cw point of workers who have reported an increase in the acidity of the soil 
by f' with superphosphate. On the othir hand, when si'porpho.phate 
is a'^decl to nciittal or slightly alkaline soils contamhig calciuin Cr..i bon de, there 
is formation of a mixture ol sparingly soluble di- and tri- calcium phosphates 
accoiding to the following equations : 

GalH^POi^ + 2 CaC 03 = Ca(HGO 03 + 2 GaHP 04 

Ga(HjjP 04 ), 2 CaC 03 = GaglPOJa + -p 200^ 

Hence, in these processes small amounts of calcium, Le. equivalent to calcium 
introduced in superphosphate as monocaicium phosphate maybe washed away 
as calcium bicarbonate when rain falls. Consequently, under these conditions 
the lime requirement of such a soil may increase timporarily. The ntwly formed 
di- and tri- calcium phosphates much more soluble than the phosphates ip 
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•1 Therefore, superphosphate can more readily supply available phosphates 
.Xnts than naturally occurring phosphate rocks or basic slags. 

^ T^.-c.viHent from these results that basic slags and rock phosphates can 
• ^ - ^ constant supply of phosphorus and lime. These materials will 

maintain a fairly he f^f plants than highly soluble superphosphate and 
be more efficien as it gets converted to more insoluble form ofphos- 

its use may not b Jlable group by reacting with some soil constituents. 

it wilAe superior to rock phosphates 
S^bask slagsin the conduions where plants need immediate supply of phosphorus. 
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Influence of Phosphates on the Transformations of Carbon 
and Nitrogen daring the composting of 
Municipal rubbish 

By 

N* R. DHAR & P. N. KAPOOR 
Sheila Dhar Institute of Soil Science^ University of Allahabad 

The sanitary reclamation and utilization of nutrients in wastes can be an 
important factor m improving the nutrition, health and economic status of a person. 
The return of the nutrients in wastes from the cities to improve agricultural 
production is of vital importance to all nations. 

It is estimated that about one fourth of the food and fibre produced in the 
world is wasted as municipal garbage and waste. Taking the world production 
of food and fibre at 2000 million tons, the waste and garbage comes to 500 million 
tons containing approximately 10 million tons of nitrogen. The garbage and waste 
also contains potash, lime, magnesia, phosphoric acid and trace elements as well. 
The carbonaceous compounds when incorporated in soils under favourable condi- 
tions can fix atmospheric nitrogen when reinforced with phospha tic materials like 
basic slag, rock phosphate and superphosphate. Thus if this waste is properly 
preserved and managed for nitrogen fixation it can supply 20 million tons of 
nitrogen. 10 million tons of phosphoric acid and about 20 million tons of potash. 

Dhar in his Presidential address to the National Academy of Sciences, India 
in the year 1952 has stated that our composting experiments convince us that 
calcium phosphate is useful in composting of plant materials, especially in the 
absence of nitrogenous fertilizers, because phosphates help in nitrogen fixation 
in the slow oxidation of organic mattei and hence calcium phosphate or rock 
phosphate should be largely used in composting. 

Nilsson® reported that liming and manuring increased P uptake, and super- 
phosphate mixed with manuring increased P uptake still further in unlimed soil. 

Doring^ reported that farm yard manure fermented with phosphate 
increaed the yield of crops upto ^20 ‘o as campared with the yields obtained by 
unfermented composts. 

Acharya*, Thorne^® and Karraker’ obtained good crops when they applied 
phosphate fermented composts. 

Dhar, Bose and Gaur®, Gupta®, Pandey^i, Sharma^^.andSrivastava^* in their 
experiments on the composting of differs nt organic materials like animal dung, 
straw, water hyacinth, cactus, municipal rubbish have shown that the incorporation 
of powdered rock phosphate or basic slags or a mixture of powdered rock phos- 
phate and superphosphate is highly beneficial due to the increased fixation of 
■Btmospheric nitrogen in these composts in presence of phosphates. 

In order to study the influence of phosphates on the transformations of 
carbon and Nitrogen during the composting of municipal rubbish, an experiment 
was conducted in 1965-66. The composting of municipal rubbish was carried 
pp the ground of Sheila Dhar Institute of Soil Science, University of Allahabacj 
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six rectangular heaps of municipal rubbish approximately of the dimension of 

n ^ ^ surface of the soil in the last week of September^ 

1965. One h^p was left as such and m the remaining 5 heaps 4 types of slags mz. 
T^a, KulU, Durgapur and Gernian and Single superphosphate at the rate of 
9 Kgms PiOj per 3 tonnes of municipal rubbish was added and mixed well. After 
regular intervals samples were taken out for determining Carbon, Nitrogen and 

The results obtained after 150 days of composting are recorded : 


Carbon and Nitrogen content of composts prepared in heaps after 150 days 


S . no. Treatments 

Initial 

carbon 

% 

Carbon 

unoxidis- 

cd% 

Carbon 

oxidised 

% 

Initial 
Total 
nitrogen % 

Total 

nitrogen 

% 

Total 
nitrogen 
fixed % 

1 . Muni ci pal rubbish only 

2 . Municipal rubbish + 

Tata basic slag. 

14-4028 

14-4028 

6-2000 

4-6015 

8-2028 

9-8013 

0-6022 

0 6022 

0-8260 

1*0416 

0*2238 

C -4394 

3 , Municipal rubbish + 
Durgapur basic slag. 

14-4028 

4-8016 

9-6012 

0-6022 

0-9800 

0-3778 

4 . Municipal rubbish + 
Kulti basic slag* 

14-4028 

4-5018 

9-9010 

0*6022 

0*9828 

0-3806 

5 . Municipal rubbish + 
German basic slag. 

14-4028 

4-3200 

10-0828 

0-6022 

1-0600 

0-4578 

6 , Municipal rubbish + 

single superphosphate. 

14-4028 

4-9530 

9-4498 

0-6022 

0-9906 

0-3884 


The foregoing results clearly show that there is^marked oxidation of carbona- 
ceous compounds when municipal rubbish is allowed to come in contact with air 
in solar light. This oxidation further enhances when phosphatic materials like 
basic slag and single superphosphate are , mixed with] municipal rubbish. Basic 
slags (Tata, Durgapur, Kulti and German) were found more effective in increasii^ 
the oxidation than single superphosphate. This appears to be due to the fact that 
basic slags are alkaline and that alkalinity favours oxidation has b^en established 
by the past 30 years work of Dhar. Trace elements present in the basic slags 
also help in oxidation. Gupta® has observed that addition of trace elements 
alongwith different phosphates increasesjthe oxidation of carbon. Waksmanand 
Tenney^® have reported considerable losses of organic matter in composting. 
Norman^® found that in 4 days, 10 gm of -*hemicellullose and 1 gm of cellulose 
were lost during the rotting of 100 grn of oat straw containing 23 '4 free hem- 
cellulose and 44% pure cellulose. Martin and Wang"* have observed 804 reduction 
of organic matter which shows the rapidity^with which it gets oxidised. 

During the slow oxidation of municipal rubbish, a progressive increase in 
Nitrogen concentration has been observed. The increase in Nitrogen is pronounc- 
ed in' the systems containing phospiiates. Thus increase is due evidently to 
fixation of atmospheric nitrogen and also partially duo to rapid and contmuous 
losses of organic matter. 

The inrease in nitrogen during the decomposition and oxidation of organic 
materials has been reported by number of worisers, Gotaas and Goworkers , 
Singh^*, Gupta® Dhar and Ghildayal^, Pandey^^, Sharma^^ and Srivastava . 
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A comparative study of Grasses and Legumes wbeii 
Ploughed-in in the soil in presence and absence 
of Phosphates and Tolypoihrix 
in Crop-production 

By 

N. R. DHAR, GULAB SINGH & M. M. VERMA 
Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 

Abstract 

Grasses viz. Paragrass, rhodegrass and legumes viz. lucerne and dhaincha 
were grown on sandy loam soils of Allahabad and after 6 months the whole crop 
was ploughed- in in the soil. Soils in which grasses were ploughed- in with phos- 
phates were found to be rich in nutrient content than the plots ploughed-in with 
legumes. Two months tim.e was given for the decomposition of the ploughed-in 
crops and a paddy crop was transplanted, wherever required Tolypothrix tenuis was 
also inoculated in the plots. 

It was observed that increase in the yield was higher in plots in which grasses 
with phosphates were ploughed-in than that of legume plots and there was very 
small increase in yield due to the algal inoculation- in comparison to that obtained 
from the plots containing a mixture of organic materials and phosphates. 


Dhar^> * has established that when organic materials with C/N ratio 
greater than 10 are applied and allowed to undergo oxidation the energy obtained 
by the oxidation of carbonaceous compounds is utilised in fixing the nitrogen of the 
atoosphere and synthesis of proteins and in this process sunlight is actually 
utilised in improving the nitrogen status of soils all over the world. White and 
his associates* in their experiment found that with 20 plots soils under (»ntmuous 
cultivation of permanent grass, the unfertilized grass land ( 1M9-1940) show a 
nitrogen level of 68-2% above the control plot soils and 42- U abo'^e NPK treat- 
ment. Russell* has also reported that nitrogen content of a grass land mcreased 
from 0*152% in 1856 to 0*338% in 1912. 

From time immemorial the turning under of a green crop to better the condi- 
tion of soil has been a common practice. The general practice is to turn into the 
soil undecomposed green plant tissue, usually legume crops, because nodule bactcna 
fix some amount of nitrogen and at the same time by the process of decomiwsition 
of plant residues nitrogen content of the soil is mcreased. In some tropi^l corn- 
tries grasses have shown better effect on the fertihty status of the sods than that 
of legume crops.” 

Keeping the above cited literature in view, some field trial experiments were 
conducted to%tudy the comparative 

are ploughed into the soil, in absence and presence of phosphates and Tolypothnx 
tenuis, on crop-production and soil fertility. 
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Experimental 

Field trials were conducted at Village Fatuha, Allahabad in an area where 
land is fairly uniform and which is under cultivation since a long time. The 
structure of soil is sandy loam. Soil samples were taken out from different "layers 
and from different spots upto the depth of 6 inches in order to determine the 
uniformity of the soil of the field. They were analysed for its constituents. The 
legume crops viz. lucerne and berseem and^ grasses viz. paragrass and rhodegrasses 
were grown along with 50 lbs of P^Og application of Tata basic slags. 

After six months growth the legume crops, and after eight months the grasses 
were ploughed into the soil and a sufficient time were given for the decomposition 
of the crops and then the soils in plots were analysed for its different constituents 
A paddy crop was transplanted and after the harvest of crop, the yield of grain and 
straw were tabulated. The soil after the harvest was also analysed to determined 
the residual effect of the green manure crops in the soil, Tolypothrix tenuis 
was also inoculated in the plots wherever it was necessary. 

Detail lay out of the plan 

1 . Soil alone 

2. Soil + Berseem 

3. Soil + Lucerne 

4. Soil + Rhodegrass 

5. Soil + Paragrass 

6. Soil + Berseem + P^Og 

7. Soil + Lucerne 4“ P 2 O 6 



8 . 

Soil + Rhodegrass + PgOg 



9. 

Soil + Paragrass -j- PaOg 



1 . 

Size of the plot = l/60th acre. 
No. of application = 6 

Total No. of treatments 9x6=: 

54 plots. 



TABLE 1 




Soil 

TBS 

1 . 

Loss on ignition 4'3614 

— 

2 . 

HGl insoluble 

80-4917 

16-2361 

3. 

Sesquioxide 

8-1264 

__ 

4. 

Fe<j 09 

2-4569 

15-2416 

5. 

Total PgOg 

0-1700 

7-1625 

6 . 

Available P 2 O 5 

0-0107 



7. 

J'otal KgO 

0*4623 

0-6501 

8 . 

Total MgO 

0-3644 

4-7938 

9. 

Total GaO 

1-0461 

38*7905 

10 . 

Total Carbon 

0*4963 


11 . 

Total JSitrogen 

0-0476 


12 . 

NH 3 — N 

0-0017 


13. 

NO 3 — N 

0-0024 


14. 

G/N ratio 

10-4 
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Results and Discussions 

TABLE 2 


Analysis of soil samples before ploughing in of the legume and grasses 


Treatments 

Total 

carbon 

Total 

nitrogen 

Avail. 

N 

Total 

PaO, 

Avail. 

P*o* 

1 . Soil alone 

0-4963 

0-0476 

0-0041 

0-1700 

0-0107 

2. Soil + Berseem 

0-4762 

0-0493 

0-0065 

0-1641 

0-0102 

3. Soil + Lucerne 

0-4793 

0-0490 

0-0063 

0-1639 

0-0100 

4 . Soil -j- Paragrass 

0-4569 

0-0437 

0-0037 

0-1637 

0-0094 

5 , Soil + Rhodegrass 

0-4506 

0*0458 

0-0035 

0-1635 

0*0092 

6 . Soil -f Berseem + 

0-4638 

0-0514 

0-0072 

0-1805 

0*0116 

7. Soil + Lucerne -4- P 2 O 5 

0-4507 

0-0503 

0-'"069 

0-1800 

0-0119 

8 . Soil + Paragrass + P,0| 

5 0-4520 

0-0442 

0-0038 

0-1794 

0-0114 

9 * Soil + Rhodegrass +PgO 

6 0-4493 

0-0434 

0-0039 

0-1792 

0-0116 


TABLE 3 




Analysis of soil samples after ploughing in of the crops 

(i.e. before transplanting of paddy) 

L Soil alone 

0-4955 

0-0479 

0-0045 

0-1665 

0.0100 

2, Soil + Berseem 

0-7809 

0*0738 

0-0094 

0-1768 

0-0109 

3. Soil + Lucerne 

0-7958 

0-0764 

0-0097 

0-1759 

0-0108 

4, Soil 4 - Paragrass 

0-8178 

0-0720 

0-0052 

01748 

04)110 

5. Soil + Rhodegrass 

0-8095 

0-0729 

0-0057 

0-1757 

0-0114 

6 . Soil -f Berseem + P^Og 

0-6408 

0-0857 

0-0103 

0-1942 

0-0127 

7. Soil + Lucerne + P 3 O 5 

0-6259 

0.0869 

0-0107 

0*1947 

0-0132 

8 . Soil + Paragrass + P^O 

0-6785 

0-0865 

o-oiio 

0-1952 

0-0141 

9* Soil + Rhodegrass -fP^Og 0*6538 

0-0874 

0-0114 

0-1950 

0-0145 


TABLE. 4 

Average yield of paddy grain and straw Kgs» per plot {Average of 3 plots) 



Treatments 

Paddy grain 

Paddy straw 

1. 

Soil alone 

9-5 

17-6 

2. 

Soil + Berseem 

13-5 

24-0 

3. 

Soil + Tolypothrix 

10-4 

20-1 

4. 

Soil 4* Berseem 4 - Toly. 

14-6 

25-5 

5. 

Soil + T.B.S. 

11-4 

21-2 

6. 

Soil + Berseem + T.B.S. 

17-0 

30-0 

7. 

Soil + T.B.S. + Toly. + Berseem 

18-4 

32-5 

8. 

Soil 4“ Lucerne 

13-0 

22-8 

9. 

Soil 4 Lucerne ■+ Toly. 

14-2 

24-9 

10. 

Soil 4 Lucerne + T.B.S. 

16-8 

28-8 

11. 

Soil 4 Lucerne 4 T.B.S. + Toly. 

18-1 

31-6 

12. 

Soil Paragrass 

12-7 

20-7 

13. 

Soil 4 Paragrass + Toly. 

13-9 

22-3 

14. 

Soil 4 Paragrass 4 T.B.S. 

17-5 

31-1 

15. 

Soil 4 Paragrass 4 T.B.S, Toly. 

18-9 

33-2 

16. 

Soil + Rhodegrass 

12-9 

22-2 

17. 

Soil 4 - Rhodegrass + Toly, 

140 

23-4 

18. 

Soil 4 Rhodegrass 4 T.B.S. 

17-8 

31-9 

19. 

Soil 4 Rhodegrass - 4 - T.B.S. 4 - Toly. 

19-2 

34-5 
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Table s 


Analysis of soil sample after harvest of paddy crop 


Treatments 

Total 

carbon 

% 

Total 

nitrogen 

% 

Available 

N 

Total Available 

PPs PjOg 

Soil alone 

0*4795 

0*0453 

0-0037 

C*1640 

0-0012 

Soil + Berseem 

0-6978 

0-0685 

0-0083 

0*1748 

0-0114 

Soil + Lucerne 

0*7037 

0 0690 

0*0056 

0-1749 

0-0110 

Soil + Paragrass 

0-7184 

0-07 3 

0-0045 

0-1730 

0-0104 

Soil i- Rhodegrdss 

0-7093 

0-0699 

0*0047 

0-1741 

0-0109 

Soil + Lucerne + P 2 C ^5 

0-5694 

0-0817 

0-0096 

0-1936 

0-0139 

Soil + Berseem + 

0-5867 

0'0806 

0-0094 

01132 

0-0138 

Soil + Paragrass + P^Og 

0-5984 

0-0820 

0-0098 

0-1941 

0-U146 

Soil 4“ Rhodegrass + P^Og 

0*6038 

0-0819 

0-0102 

0-1939 

0-0150 

Soil + Tolypo. 

0-4832 

0-0459 

0-0039 

0-1641 

0-0090 

Soil -j- Berseem + Tolypo. 

0-6995 

, 0-0687 

0-0('85 

0-1749 

0*0112 

Soil + Lucerne + Tolypo. 

0-1707 

0-0618 

0-0088 

0-1719 

0-0108 

Soil 4- Paragrass + Tolypo. 

0-7205 

0-0720 

0-0049 

0-1729 

0*0102 

Soil + Rhodegrass + Tolypo. 

0-7137 

0-0705 

0-OOM 

0-1710 

0*0106 

Soil 4 Beseem 4 - PaOg 4 - 

0-5890 

0 0809 

0-0098 

0-1930 

0-0132 

Tolypo. 

Soil 4- Lucerne 4 P^Os 4 - 

0-5697 

0-0819 

0-0103 

0*1935 

0-0137 

Tolypo. 

Soil -r Paragrass 4 - P^Og 4- 

0-5997 

0-0827 

0-0105 

0-1940 

C-014O 

Tolypo. 

Soil 4“ Rhodegrass 4 P 2 O 5 4- 0'6088 

0-0820 

0-0108 

C-1937 

0*0146 

Tolypo. 


From Tables 3 and 4 the yield of paddy grain and straw have increased in 
plots in which grasses are ploughed-in with a basal dose of 50 lbs of in form 
of Tata basic slag. Legumes when ploughed in enriched the nutrient status of 
soil but after harvest of the crop, its residual effect is not so significant as compar- 
ed to the grass ploughed in plots. 

The possible reason for the above fact may be due to higher organic matter 
incorporation into the soil by grasses than legumes. Phos.pUates in presence of 
high temperature, light and humidity increase the oxidation of caibonaceous 
materials thereby, releasing more energy which is helpful in fixing atmospheric 
nitrogen. 
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Ittfluence of blue green algae on Nitrogen Fixa^on in sofl^ 
using Phosphates and Organic Materials 

By 

N, R. DHAR & R. S* PAN WAR 
Sheila Dhar Institute of Soil Science ^ Allahabad University 


Abstiract 


. of blue green algae viz* Tolypothrix tenuis and Anabaena 

naviculoides separately and in combination with the energy materials like wheat 
straw, sunhemp at the rate of 0*5;, carbon and in phosphates like German Basic 
Slag as 0*5% and Tata Basic Slag as 0*5% were studied in Koidwara 
(Garhwai) soil. 

By the slow oxidation of these organic materials, there has been an mcrease 
in nitrogen which was due to the fixation of atmospheric nitrog^. In the sets 
inoculated with algae there was saving in the carbon and slight increase in nitro- 
gen. It has further been observed that there was greater fixation of nitrogen 
when phosphates were mixed with organic matt rials. 

Under the treatment : 250 gms. soil + 0-5% carbon as wheat straw -{-0*5% PjOg 
as German Basic Slag + Tolypothrix tenuis, there was maximum nitrogen fixaticm 
in 150 days. 


Experimental 

A considerable amount of work has been carried out recently on the^ part 
played by blue green algae in fixing atmospheric nitrogen and thereby maintain 
soil fertility. Franck^ first advanced the view that the growth of algae was respon- 
sible for the increase of nitrogen in soils exposed to light. It was also supported 
by Schloesing and Laurent Koch and Kossowitch^, RichterL Drewes® observed 
that Anabaena can fix 2-3 mgs. of nitrogen in 250 mi. medium in two months. 
Allison and Morris® found 40 mgms of nitrogen fixed by the blue green a^ae 
per 100 ml. of nutrient solution containing 1% sucrose when exposed to sunEght. 
pe’, Singh^ and others have also reported the fixation of nitrogen with bacteria free 
unialga I culture. 

In order to throw light on this problem, we have carried out experiments 
with algae in Kotdwara soil (Garhwai) of U. P. Organic matermls like wh^t 
straw and sunhemp as 0*5% carbon in each case and phosphates Ta^ Basic slag 
(0*5% P^Os) and German Basic slag (0*5% PaO^) were added with 250 gim. soil 
in clean enamelled dishes. After mixing, two unialgal blue green namely AnaDae^ 
naviculoides and Tolypothrix tenuis were mixed and moisture content mamtamea 
at 30%) level both in artificial light under 200 watt bulb and another set in dark. 


examination of the result shows that both 
fixation ^f nitrogen are enhanced by addition ^ of phosphates (T. . ‘ • 
and always found to be greater in light than in dark. 
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As a result of mixing energy materials wheat straw and sunhemp in the soil 
both in presence and absence of phosphates, there was further increase of nitrogen 
in phosphate sets than in unphosphated ones. 

In sets inoculated with algae there was small saving in carbon and slight 
increase in nitrogen was always fbund in light. But there was grerter fixation of 
nitrogen when phosphates were mixed with organic materials due to formation 
of stable phospho-proteins or phospho-lignoproteins, which resist nitrification and 
loss of nitrogen, caused by the formation and decomposition of Ammonium nitrite* 
+ 2B^O 718 K, cals. In sets inoculated with Tolypothrix and 
Anabaena, there is appreciable increase in nitrogen over that of the control sets. 

After 150 days, the increase in nitrogen over the initial nitrogen of the 
system due to the inoculation of Anabaena and Tolypothrix is 2*3 and 2*5 mgms. 
which is small and almost negligible in comparison to that fixed by the oxidation 
of organic material aided by phosphates. The value being 25*2 and 27*2 mgms* 
for wheat straw and 23*5 and 25*7 mgms for sunhemp in the presence of T. B, S* 
and G. B, S. respectively. 

The efficiency of nitrogen fixation is always found to be much greater 
in sets inoculated with algae then those without it. With Tolypothrix the 
efficiency is always found to be greater than that with Anabaena because Toly- 
pothrix being good nitrogen fixers than the Anabaena. 

Another important observation is that the influence of algae is more pro- 
nounced in sets containing the energy materials and phosphates showing that 
these materials activate the growth of algae. The increase in nitrogen in 150 days, 
due to Anabaena and Tolypothrix when inoculated in soil alone is only 0*5 and 
0*7 mgms. respectively over the control soils. While in presence of organic 
materials, wheat straw and sunhemp, so the respective incr^ ase is 8*8 and 8*2 
mgms, in case of Anabaena and 9*8 and 9*0 mgms. in case of Tolypothrix. In 
presence of phosphate these values are higher. These results are in agreement 
with the observation of De and Sulaiman® ard De and MandaB®. Among organic 
materials wheat straw fixed more nitrogen than sunhemp. The fixation is 
always greater in light than in the dark, 

Avery important observation is that the available phosphates of the system 
increases with the oxidation of carbon and the increase is greater in the inoculated 
sets than in the uninoculated ones. The increase in the available phosphate by the 
inoculation of algae may be due to the fact that algae excreate some organic acids 
which might dissolve some of the phosphates. It was noticed that the maximum 
nitrogen fixation under the treatments 250 gms, soil + W,S. (0'5%G) + G. B. S, 
( 0 * 5 %P 205 ) -|- Tolypothrix tenuis in light. 

' Thus, from these investigations it is observed that light plays a very import- 
ant role in nitrogen fixation. The contribution to nitrogen increase in soil by 
Algae is small as campared to that of organic matter and phosphates. 

The fixation oJ nitrogen by algae is increased in presence of organic matter 
and phosphates. Hence, it is conclusively proved that the addition of organic 
matter and phosphates markedly enhances the carbon and nitrogen status and 
thereby, the fertility of the soils, to a greaier extent than that obtained by the 
Blue green algae. 
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'The analysis of the soil and the materials used are as follows : 



Soil 

% 

Sunhemp 

% 

Wheat straw 
(W. S.) 

% 

Tata Basic German 
slag (T-B.S,) Basic slag 
% (G.B^S.) % 

Total Carbon 

0'4488 

39*798 

38-485 

— 



Total Nitrogen 

0-0^048 

2*. 082 

0-6368 

- 


Available 

0-02098 

- 

- 

4*0436 

9-940 

Total PjOs 

0*06889 

- 

- 

7-1402 

17-460 

pH. 

C/N ratio 

7-7 

11*1 

18-0 

60-4 

- 



; G, B. S. —German Basic Slag 
T. B. S.— Tata Basic Slag 
W. S.*— Wheat Straw 


TABLE 1 


Total Total g" ln*tial Avail* 

Initial carbon Initial nitrogen g avail able 

Treatments carbon after 150 niingen after 150 able 

(gm.) days (gm.) days S PjOs after »50 

(gm.) (gm.) ^ (gm) day 8 (gm) 


1. Control 250 gms. soil alone 


Light M220 0 9420 0*1012 
Dark 1*1220 1*0387 0-1012 


0T030 10*0 0*0524 0*0537 
0*1018 7*2 0-0524 0*0534 


^ 250 gms. soil + Anabacna 

naviculoides 


Light 1*1220 1-0026 0-1012 
Dark 1-1220 1*0340 0*1012 


3. 250 gms. soil + Tolypothrix 

tenuis 

4. 250 gms. + 0-5% PaOe as 

T.B.S. 


Light 1 1220 1*0084 0*1012 
Dark 1*1220 1*0260 0*1012 
Light 1*1220 1*9288 0*1012 
Dark 1*1220 1*0136' 0*1012 


5 . 250 gms. soil + 0*5°/ Pap, as Ught 
T.B.S, +Anabaena naviculoides Dark 


1*1220 1*0065 0*1012 
1*1220 1*0084 0*1012 


0*1035 
0 1019 

0*1037 

0*1020 

0*1035 

0*1021 

0*1038 

0*1022 


6 . 250 gms. soil + 0*5% P-^Og as 
T.B.S. + Tolypothrix tenuis 


Light 1*1220 r0076 0*1012 
Dark 1*1220 1*0084 0*1012 


0*1039 

0*1022 


7. 250 gms. soil + 0*5% P 2 O 5 as 

G.B.S. 

8 . 250 gms. soil + 0*5% P 2 O 5 as 
G.B.S. + Anabaena naviculoides 

9. 250 gms, soil + 0*5% P 2 O 5 as 

G.B.S. + Tolypothrix tenuis 

10. 250 gms. soil + 0*5/. carbon as 

wheat straw + W.S. 


Light 1*1220 
Dark ,1*1220 

Light 1*1220 
Dark 1*1220 
Light 1*1220 
Dark 1*1220 

Light 2-3720 
Dark 2*3720 


0*9237 0 1012 
1*0071 0*1012 
1*0006 0-1012 
1*0025 0*1012 
1*0009 0*1012 
1*0025 0-1012 

1*6860 0*1217 
1-9550 0*1217 


11 . 250 gm. soil + 0-5°/; carbon as Ught 2-3720 

W.S. +Anabaena n iviculoides Dark 2* 57.^0 


1*8255 0-1217 
1-9547 0*1217 


0*1036 

0*1022 

0*1042 

0*1023 

0*1043 

0*1023 

0*1337 

0-1267 

0*1425 

0*1270 


12. 250 gms. soil + 0*5% carbon as Light 

W.S. + Tolypothrix tenuis Dark 

13. 250 gms. soil 4 - 0*5% carbon as Light 

W.S. + 0*5% P 2 O 5 as Tata Dark 
Basic slag (T.B.S.) 


2*3720 

2^3720 

2-3720 

2*3720 


14. 250 gms. soil 4- 0*5% carbon as„ Light 
W.S. + 0*5% P 2 O 5 as German Dark 
Basic slag (G.B.S.) 


2*3720 

2*3720 


1*8403 0*1217 0*1435 
1*9580 0-1217 0*1270 

1*6508 0-1217 0*1269 
1*9143 0*1217 0-1292 


1*6268 0*1217 0*1489 
1*9000 0*1217 0*1302 


19*2 0*0524 
8*1 0*0524 

22*0 0*0524 
8*3 0*0524 
11*9 0*7592 
8*3 0*7592 

22*5 0*7592 
8*8 0*7592 

23*8 0*7592 
8*8 0 7592 

12*1 0*7640 
8*7 0*7640 
24*7 0-7640 
9*2 0*7640 
25*6 0 7640 
9*2 0-7640 

17*5 0*0524 
12*0 0 0524 

39*5 0^0524 
12*7 0^0524 

41-0 0*0524 
12*8 0*0524 

34*8 0*7592 
15*8 0*7592 


36*5 0*7640 
18-0 0*7640 


0*0538 

0*0536 

0 * 05 ^ 

0*0535 

0*7620 

0*7612 

0*7622 

0*7613 

0*7623 

0*7614 

0*7672 

0*7662 

0*7674 

0*7663 

0*7675 

07664 

00555 

0*0545 

0*0558 

0*0547 

0*0562 

0*0546 

0*8227 

0*8186 


0*8348 

0-8241 
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Total Total ^ Initial Avail* 

Initial carbon Initial nitiogcn g avail- able 

Treatments carbon after 150 nitrogen after 150 *G able P O5 

(gm.) days (gni.) days g P2O5 after 150 

(pm.) (gm.) (gm) days(gm) 


15. 250 gms. coil + 0’5'*. carbon as Light 2*3720 

W.S. + Q-5y PoOsas T.B.S. Dark 2*3720 
+ Anabaena naviculoides 

16. 250 gms. soil + 0*5% carbon as Light 2 3720 

W.S. + 0*5:^- PoOg as T.B.S Dark 2*3720 
+ Tolypothrix tennis 

17. 250 gms. soil + 0*5% carbon as Light 2*3720 

W.S. + 0*5% P2O5 as G.B.S. Dark 2*3720 
+ Anabaena naviculoides 

18. 250 gms. soil + 0*5*; carbon as Light 2*3720 

W.S. -h 0*5r P2O5 as G.B.S. Dark 2*3720 
+ Tolypothrix tenuis 

19. 250 gms soil + 0*5% carbon Light 2*3730 

as Sunhemp Dark 2*3730 

20. 250 gms. soil 4- 0*5® carbon as Light 2*3730 

sunhemp + Anabaena Dark 2*3730 

naviculoides 

21. 250 gms. soil 4- 0*5% carbon as Light 2*3730 

sunhemp. + Tolypothrix tenuis Dark 2*3730 

22. 250 gms. soil 4- 0*5’/ carbon as Light 2*7330 

8unhemp4-0‘5% P0O5 as T.B.S. Dark 2*3730 

23. 250 gms. soil 4 0*5^ carbon as Light 2*3730 

sunhemp40*5% PjO 5 as G.B.S. Dark 2*3730 

24. 250 gms. soil 4 0*5% carbon as Light 2*3730 

suidiemp +0*5/; P2O5 as T.B.S. Dark 2*3730 
+ Anabaena naviculoides 

25. 250 gms. soil 4 0*5% carbon as Light 2*3730 

sunhemp 4 0*5% P^Og as Dark 2*3730 
T.B.S. 4 Tolypothrix tenuis 

26. 250 gms. soil + (*5% carbon as Light 2*3730 

sunhemp 4 0*5% PaOg as Dark 2*3730 
G.B.S. 4 Anabaena naviculoides 
27 250 gms. soil 4 0*5% carbon as Light 2*3730 
sunhemp 4 0'5% P2O5 as G.B.S. Dark 2*3730 
4- Tolypothrix tenuis 


1*7120 

1*9040 

0*1217 

0*1217 

0*1534 

0*1314 

48*0 

20*7 

0*7592 

0*7592 

0 8230 
0-8200 

1*7100 

1*9010 

0*1217 

0*1217 

0*1545 

0*1316 

49*5 

21*0 

0*7592 

0*7592 

0-8231 

0-8202 

1*6890 

1*9010 

0*1217 

0*1217 

0*1547 

0*1317 

48*3 

21*2 

0*7640 

0*7640 

0-8358 

0-8248 

1*6980 

1*9000 

0*1217 

0*1217 

0*1557 

0*1318 

50*5 

21*4 

0*7640 

0*7640 

0-8358 

0 8246 

1*6480 

1*9370 

0*1655 

0*1655 

0*1773 

0*1702 

16*0 

10*8 

0*0524 

0*0524 

0-0552 

0-0542 

1*7670 

1*9528 

0*1655 

0*1655 

0*1855 

0*1705 

33*0 
11*9 . 

0*0524 

0*0524 

0-0554 

0-0544 

1*7650 

1*9563 

0*1655 

G-1655 

0*1863 

0*1705 

33*7 

12*0 

0*0524 

0*0524 

0-0558 

0-0544 

1*1680 

1*8971 

0*1655 

0*1655 

0*1890 

0*1726 

31*1 

15*0 

0*7592 

0*7592 

0-8204 

0-8172 

1*6060 

1*8790 

0*1655 

0*1655 

0*1912 

0*1735 

33*5 

16*1 

0*7640 

0*7640 

0-8344 

0-8239 

1*6690 

1*8890 

0*1655 

0*1655 

0*1965 

0*1749 

44*0 
' 19*4 

0*7592 

0*7592 

0-8220 

0-8196 

1*6670 

1*8890 

0*1655 

0*1655 

0*1973 

0*1751. 

45*0 

19*8 

0*7592 

0*759*2 

0-8224 

0-8197 

1*6640 

1*8710 

0*1655 

0*1655 

0*1974 

0*1754 

45*0, 

19*7 

0*7640 

0*7640 

0-8353 

0-8241 

1*6520 

1*8680 

0*1655 

0T655 

0*1990 

0*1755 

47*2 

19*8 

0*7640 

0*7640 

0-8352 

0-8242 
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Effect of Algae and Azotobacter on Carbon Nitrogen 
Transformations in Gangapur Soil 

By 

N. R. DHAR & S, K. ARORA 
Sheila Dhar Institute^ University of Allahabad^ Allahabad 

Abstract 

The amount of nitrogen fixed by Anabaena, Tolypothrix and Azotobacter is 
small in comparison to the nitrogen fixed by wheat straw, though some saving of 
carbon is observed in all systems inoculated with algae along with nitrogen fixation 
exposed to light. 

Introduction 

The origin of soil nitrogen has been highly controversial. A huge amount of 
nitrogen is removed from the arable lands every year through various processes 
such as harvest of crops, erosion, leaching and loss as elementary nitrogen from 
the surfacei»^. It is obvious therefore, that in order to maintain their fertility, 
soil must have some mechanism by which they are able to fix nitrog^ from some 
source and thus make up the loss totally or partially. Various soil scientists have 
suggested different mechanisms to explain nitrogen fixation in soil. 

Barnes* from the Woburn Experiment Station has reported an increase in the 
nitrogen content with straw undergoing oxidation. BjalfveMn Sweden has also 
observed that straw, when ploughed in fixes atmospheric nitrogen by the slow 
oxidation of straw in soil. 

Soils can also fix nitrogen by some free living nitrogen fixing organisms 
present in them. De® obtained with Aulosira fertilissima fixation amountmg to 
0*05 mg/lOO ml. of nitrogen in 45 days. De and Sulaiman® conducted pot epxcn- 
mmts with rice plants and observed that pots inoculated with algae showed a 
nitrogen fixation of 30-40 p.p.m, where as in the absence of such algae, nitrogen 
loss was recorded. 

Fritsch and De’ have concluded that nitrogen fixation in paddy soils is purely 
through the agencies of algae and that the part played by bacteria is relatively 
unimportant. On the other hand Uppal, Patel and Daji« have shown 
Azotobacter plays an important role in the nitrogen recuperation of rice sous m 
Karjat (India). 

Ressell* has stated “there is no evidence yet that algae play an importMt 
role in enriching the soils of temperate regions with mtrogen althougn species 
belonging to the genera containing nitrogen fixing forms are fairly wtdesprea . 

From this brief review it can be seen that no definite information is available 
regarding the amount of nitrogen fixed by blue green algae and azotobacter under 

ordinary conditions and the subject needs further study. Hence it was thought 

of interest to study quantitatively the part played by the algae or azotobaemr in 
enriching the soil. Two species of blue green algae, namely Anabacna naviculoides 
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and Tolypothrix tenuis and one species of green alga Chlorella vulgaris and azotofe^ 
acter were inoculated in the soil and the increase in nitrogen determined after 
definite intervals of time and compared with the increase obtained by mixing th 
soil with wheat straw at the corresponding intervals. ° ^ 

Experiment 

The experiments were carried out with Gangapur Soil. All the ingredient 
viz-, soil, wheat Straw used in these experiment were sieved to 100 mesh. 200 gms of 
soil were taken in 20 cm. enamelled dishes. To this 1% carbon as wheat straw was 
added on oven dry basis and the contents were thoroughly mixed in a big pestle and 
mortar and the whole mixture was made as uniform as possible. Then where ever 
required the soil in the dishes was inoculated with the algae or azotobacter. Sets 
were arranged in duplicate, one of which was exposed to light under electric bulb 
and other was covered with thick black cloth. Moisture was maintained at 40^/ 
level throughout the experiment. The contents of the dishes were s-tirred daily 
with the help of a glass rod. At regular intervals of time, composite samples were 
taken out from all the dishes and were analysed for total carbon, nitrogen 
ammoniacal nitrogen and nitrate nitrogen. Bacteria free unialgal cultures of the 
above algae were obtained from Dr. A. K. Mitra, an eminent algologist 
Univeisity of Allahabad* Stock culture of these algae were then prepared^ bv 
growing them in the following media. < . y 

Medium for Anabaena an d Tolypothrix For Chlorella 


KNOg 

0-2 


NHiNOg 

... 

0*2 gm. 

K,HPO, 

0*2 gm. 

0*2 gm. 

MgSO^ 

0*2 gm. 

0-2 gm. 

GaClg 

0.1 gm. 

0*1 gm. 

FeGlg (1%) 

2 drops 

2 drops 

Pyrex distilled water 

1000 c.c. 

1000 c.c. 

Percentage Analysis of Wheat straw and Soil used 


Wheat straw 

Soil 

Loss on ignition 

90- 7263 


Ash 

9-082 

_ 

HGl insoluble 

5-126 

75-1638 

Sesquioxide 

1-41 54 

14-264 

FCjOg 

0-6064 

1-1239 

Total PjOj 

0-6038 

0-1432 

GaO 

0-8442 

1-046 

KgO 

0-8036 

0-9862 

MgO 

0-4078 

1-3784 

Total Carbon 

38-276 

0-1515 

Total Nitrogen 

0-628 

0-0278 

NHgr-N 

- 

0-0010 

, NOi-N 
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0^0019 



TABLE 1 





200 gms* 

soil 

Av. Temp. 29®G 

Period of 

Total 

Total 

NHg— N 

NOj— N 

Efficiency 


exposure 

carbon 

nitrogen 

gm. 

gm. 

N fixed per 

pH. 

in days 

gm. 

gm. 



gtn.of G oxidised 





Light 




0 

0*3030 

0-0556 

0-0020 

0-0038 

— 

8-25 

•BO 

0-2622 

0-0560 

0-0024 

0-0044 

9-8 

8-10 

120 

0-2301 

0*0563 

0-0027 

0-0048 

9'6 

7-95 

180 

0-1944 

0*0566 

0*0031 

0*0052 

9*2 

7-90 

240 

0-1846 

0-0567 

0*0029 

0*0049 

- 

7-80 




Dark 




0 

0-3030 

0*0556 

0*0020 

0-0038 


8-25 

60 

0*2736 

0*0558 

0*0023 

0-0043 

6-8 

8*15 

120 

0-2562 

0-0559 

0*0026 

0 0046 

6-4 

7-95 

IBO 

0-2183 

0*0561 

0-0030 

0-0051 

5-9 

7-^ 

240 

0-2054 

0-0562 

0-0028 

0*0046 

- 

7-85 


0 

60 

120 

180 

240 


0 

60 

120 

180 

240 


TABLE 2 

200 gms soil + Chlorella 
Light 


0-3030 

0-0556 

0*0020 

0-0038 


8-25 

0-2642 

0*0563 

0*0022 

0*0042 

la-o 

7*90 

0-2340 

0-0567 

0-0025 

0*0046 

15-9 

7-70 

0-1989 

0-0571 

0-0028 

0-0049 

14*8 

7-45 

0*1874 

U-0573 

0-0027 

Dark 

0-0047 


7-30 

0-3030 

0-0556 

0-0020 

0-0038 

- 

8-25 

0-2737 

0-05581 

0-0023 

0-0040 

7*1 

8-15 

0-2559 

0-05592 

0-0024 

0*0045 

6*7 

8*00 

0-2181 

0-05614 

0-0029 

0-0050 

6*4 

7-^ 

0-2052 

0-05621 

0-0028 

0-0046 


7-80' 


TABLE 3 

2C0 gins, soil + Anabaena 


0 

0-3030. 

60 

0-2638 

120 

0-02326 

180 

0-1967 

240 

0*1 866 

a . 

0-3030 

60 , 

0-2736 

120. , 

0-2561 

180 

0- 182 

240 

0-2051 


C*0556 

0-01)20 

0-0038 


8-25 

0*0567 

0-0024 

0*0042 

28-0 

7-95 

0-0574 

0*0036 

0-0043 

26-8 

7*75 

0-0582 

0-0029 

0-0u49 

24-7 

7*59 ; 

0-0584 

0-0030 

0*U048 

— 

7*55 


Dark 



8-25, 

0-0556 

0-0020 

0-0038 

-- 

0-05582 
0-05592 
0-056 ‘5 
0-05622 

0*U022 

0-0O25 

0-0028 

0-0028 

0-0040 

0-0044 

0-0U50 

0-0047 

7*4 

6*5 

6-4 

8-lo 
8-00 ■ 
7-90 
7-80’ 
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TABLE 4 


200 gm. soil + Tolypothrix Av, Temp. 29°C 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

NHj-N 

gm. 

NOj-N 

gm. 

Efficiency 

pH 

0 

0-3030 

0-0556 

Light 

0-0020 

0-0038 


8-25 

60 

0-2642 

0-0568 

0-0024 

0-0041 

30*9 

7-95 

120 

0-2334 

0-0576 

0-0025 

0-0044 

28-7 

7-75 

180 

0-1981 

0-0584 

0-0031 

0-0048 

26-6 

7*50 

240 

0-1872 

0^0586 

0-0030 

0*0047 


7-35 

0 

0-3030 

0-0556 

Dark 

0-0020 

0-0038 


8*25 

60 

0-2737 

0-05582 

0 - OO 22 

0-0040 

7-5 

8-15 

120 

0-2562 

005592 

0 - 0 U 26 

0 - 0 u 43 

6-8 

8-00 

180 

0-2182 

0-05615 

0-0028 

0-0046 

6-4 

7-90 

240 

0-2052 

0-05622 

0-0027 

0-0048 

- 

7-80 

0 

0-3030 

200 gm. 

0-0556 

TABLE 5 

soil + Azotobjcter 

Light 

0’0020 0-0038 


8-25 

60 

0-2617 

0-0562 

0-0024 

0 0043 

14-5 

8-10 

120 

0-2288 

0-0566 

0-0027 

0-0047 

13-4 

7-90 

180 

0-1932 

0-0570 

0-0031 

0-0050 

12-7 

7 85 

240 

0-1834 

0-0571 

0-0029 

0-0049 

- 

7-75 

0 

0-3030 

0-0556 

Dark 

0-0320 

0-0038 


8-25 

60 

0-2732 

0-05582 

0-0022 

0 ‘ 00 - i 3 

7-3 

8-15 

120 

0-2558 

0-05592 

0-0027 

0-0045 

6-7 

8-00 

180 

0-2176 

0-05615 

0 - 0 ' 30 

0-0050 

6-4 

7-90 

240 

0-2044 

0-05622 

0-0027 

0-0047 

- 

7-80 

0 

2-3030 

TABLE 6 

200 gm. soil + \%C as ! 
Light 

0-0889 0-0020 

xheat straw 

0-0039 


8-25 

60 

1-9350 

0-0990 

0-0034 

0-0058 

27-4 

7-70 

120 

1-7295 

0-1045 

0-0047 

0-0079 

27-2 

0-'5 

180 

1-5549 

0-1091 

0-0051 

0-0086 

27-0 

7-10 

240 

1-3478 

0*1145 

0-0048 

0-0082 

26-8 

6-90 

0 

2-3030 

0-0889 

Dark 

0-0020 

0-0038 


8-25 

60 

2-0163 

0-0930 

0-0028 

0-0047 

14-3 

7-75 

120 

1-8562 

0-0952 

0-0034 

0*0054 

14-1 

7-40 

180 

1-6987 

0-0973 

0‘0041 

0-0062 

13-9 

7-15 

140 

1-5711 

0-0990 

0-0039 

0-0059 

13-8 

6-95 
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TABLE 7 


200 gms. soil -I- \%C as wheat straw + Chlordla Av. Temp. 29°C 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

NH 3 -N 

gm. 

NOg-N 

gm. 

Efficiency 

pH 

0 

2-3030 

0-0889 

Light 

0-0020 

0-0038 



60 

2-0185 

0-0992 

0-0031 

0-0056 

36-2 

7*55 

120 

1-8629 

0-1047 

0-0044 

0-0076 

35-9 

7-20 

180 

1-6837 

0-1094 

0-0048 

0-0083 

33-1 

7*05 

240 

1-4968 

0-1147 

0 0045 

0-0076 

32-0 

6-75 

0 

2-3030 

0-0889 

Dark 

0-0020 

0-0038 


8'25 

60 

2-01633 

0-0930 

0-0027 

0-0046 

14-3 

7-75 

120 

1-85626 

0-0952 

0-0033 

0-0053 

14-1 

7-35 

180 

1-6987 

0-0973 

0-0042 

OOObl 

13-9 

7*20 

240 

1-5711 

0-0990 

0-0038 

0-0058 

13-8 

6-95 

0 

200 gms. soil -j- 

2-3030 0-0889 

TABLE 8 

1% C as wheat straw + Anabaena 

Light 

0’0020 0*003S 

8-25 

60 

2-0148 

0-1017 

0-0032 

0-0054 

44-4 

7-60 

120 

1-8607 

0-1081 

0-0045 

0-0073 

43*4 

7-25 

180 

1-6832 

0-1157 

0-0050 

0-0082 

43-2 

7-10 

240 

1-4962 

0-1228 

1-0046 

0-0078 

42-1 

6-80 

0 

2-3030 

0-0889 

Dark 

0-0020 

0-0038 


8-^ 

60 

2-0163 

0-0930 

0-0028 

0-0047 

14-3 

7-75 

120 

1-8562 

0-0952 

0-0032 

0-0054 

14-1 

7-35 

180 

1-6987 

0-0973 

0-0043 

0-0061 

13*9 

7-20 

240 

1-5711 

0-0990 

0-0039 

0-0059 

13-8 

6^5 

0 

200 

2-3030 

TABLE 9, 

gms. soil + i% C loheat straw + Tolj/pothrix 

Light 

0-0889 0-0020. 0-0038 

8-25 

60 

2-0162 

0-1023 

0-0032 

0-0054 

46-7 

7-65 

120 

1-8612 

0-1093 

0-0046 

0-0074 

46-3 

7-30 

180 

1-6836 

0-1175 

0-0051 

0-0081 

46-2 

7-10 

240 

1-4962 

0-1260 

0-0047 

0-0077 

46-0 

6-80 

0 

2-3030 

0-0889 

Dark 

0-0020 

0-0038 


8-25 

60 

2-0163 

0-0930 

0-0028 

0-0047 

14-3 

7-75 

120 

1-8562 

0-0952 

0-0032 

0-0055 

14-1 

4-35 

180 

1-6987 

0-0973 

0-0042 

0-0062 

13-9 

7-^ 

240 

1-5711 

0-0990 

0*0038 

0-0080 

13-8 

6-95 
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TABLE 10 


200 gms. soil + 1% C as wheat straw + Azotobacter Av. Temp. 29°C 


Period of 
exposure 
in days 

Total 

carbon 

gm. 

Total 

nitrogen 

gm. 

NHo— N 
gm. 

NOs— N 
gm. 

Efficiency 

pH 

0 

2*3030 

0*0889 

Light 

0*0020 

0*0038 


8-25 

60 

2*0152 

0*0998 

0-0033 

0*0056 

37*8 

7*^0 

120 

1*8574 

0*1057 

0*0046 

0*0076 

37*7 

7-35 

180 

1*6828 

0*1102 

0*0050 

0*0084 

37*4 

7*10 

240 

1*4956 

0*1187 

0*0047 

0*0081 

37*0 

6*90 

0 

2*3030 

0*0889 

Dark 

0*0020 

0*0038 


8*25 

60 

2*0093 

0*0931 

0*0027 

0*0045 

14*3 

7*75 

120 

1*8523 

0*0953 

0*0032 

0*0052 

14*2 

7*40 

180 

1*6943 

0*0973 

0*0043 

0*0059 

13*8 

7*15 

240 

1*5604 

0*0990 

0*0039 

0*0058 

13*6 

6*95 


Discussion 


A perusal of the experimental results shows that there is a decrease in the 
carbon content of the system with c mcomitant increase of nitrogen when 
wheatstraw is mixed with soil and allowed to undergo slow oxidation in air. It 
is further observed that the increase in the nitrog 'n fixed are in following order ; 

Wheat straw > Tolypoilirix > Anabaena > Azotobacter > Ghlorelia. 

It is interesting to note that in the sets inoculated with algae, some saving in 
carbon and a small increase in nitroge n was always found in light though in' the 
dark there was no significant difference in the carbon and nitrogen of the system. 
The order of carbon saving was Ghlorelia > Tolypothrix > Anabaena. This is in 
agreement with the observation of Williams and Burris and many other workers 
that the growth rates of blue green algae arc much smaller than those for Ghlorelia. 
In sets inoculated with Ghlorelia there is a slightly greater increase in nitrogen 
than those of uninoculated ones. It is intiiresting to note that though Ghiorella is 
not a nitrogen fixer, even then it show^s a small fixation of nitrogen in light. Ihe 
probable reason of this seems to be that in soils, Ghiorella lives in smbiosis with 
nitrogen fixing microorganism, azotobactor^^. During this process it supplies the 
azotobacter with carbohydrates and the bacteria in turn fixes nitrogen. In the 
sets inoculated with Tolypothrix and Anabaena, there is appreciable increase in 
the nitrogen content over that of control sets, the increase being greater in the case 
of Tolypothrix than in that of Anabaena. 1‘his is in agreement with the general 
obserN^ations made by various algologists that Tolypothrix is a better fixer of 
nitrogen than Anabaena. 

From the experimental results it is clear that the eflSciency of nitrogen fixation 
is always found to be greater in sets inoculated with algae and azotobacter than 
those without it. In sets inoculated with azotobacter there is small increase of 
nitrogen than the control and sets inoculated with Ghiorella more in light than in 
dark, though the azotobacter number is larger in the sets covered with black cloth 
than in the system exposed to light. Ziemiecka^^ observed that by the addition of 
organic matter, the soil population becomes large. Waksman*^ and Miller have 
^W-^-observed that the number of bacteria is smaller on the surface exposed to 
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sunlight. It is clear from the results that the fixation of nitrogen in systems 
exposed to light is almost double as compared to the fixation of nitrogen in the 
corresponding systems covered with black cloth, thereby showing the negligible 
part played by azotobacter in increasing the nitrogen, whereas in the systems with 
wheat straw, an appreciable increase in nitrogen is observed. Recently Jimen^^ 
in Denmark, Stockli^® in Zurich and Lemoigne^^ Paris have confirmed the 
small part played by azotobacter in improving the nitrogen status of the soiL 

It is interesting to record that with Anabatna and Tolypothrix the efficiency 
is always found to be greater than that of Chlorella and azotobacter. This is 
because along with carbon saving, both Anabaena and Tolypothrix being nitrogen 
fixers are able to increase the nitrogen content of the system thus giving higher 
efficiency. It is observed there is an increase in the available nitrogen more in the 
exposed sets than in the covered sets. A decrease in the available nitrogen of the 
system is observed in all the sets inoculated with algae than that in the uninoculat- 
ed ones. This indicates that some of the available nitrogen of the soil is utilized 
by the algae during the growth for building the algal cell. 

A decease in pH is observed in systems containing organic matter. The sets 
inoculated with algae also show a slight decrease in pH. The decrease in pH is 
more in the exposed sets than in the covered ones. During the slow oxidation of 
organic matter organic acids are produced and finally the carbonic acid which 
decreases the pH of the system. 

Thus it is concluded that small amounts of nitrogen are fixed by Anabaena, 
Tolypothrix and azotobacter. Some saving of carbon is observed in all^ the 
systems inoculated with algae along with nitrogen fixation when exposed to light. 
The contribution of algae and azotobacter in increasing the nitrogen status of soil 
is very small as compared to that of organic matter. 
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Solubility of some Rock Phosphates and Basic Slags in 
Sodium Bicarbonate, Sodium Carbonate and Sodium 
Hydroxide Solutions 

By 

N. R. DHAR, G. N. PANT & B. S. GUPTA 
Sheila Dhar Institute of Soil Science^ University of Allahabad 

Abstract 

It has been observed that the P 2 O 5 solubility of Tata, German and Belgian 
basic slags and Trichinopoly, Bihar and Algerian rock phosphates is maximum in 
sodium hydroxide solution, followed by sodium carbonate and minimum in sodium 
bicarbonate, whilst the solubility of Kulti and Durgapur basic slags is highest in 
sodium bicarbonate solution and lowest in sodium hydroxide solution. It is 
evident from the results that from alkali solubilization point of view Tata, German 
and Belgian basic slags are decidedly better source of phosphatic fertilizers than 
Trichinopoly, Bihar and Algerian rock phosphates. 

Introduction 

The value of phosphate fertilizers as sources of phosphorus for plants depends 
upon many soil properties and the availability of phosphorus in the products 
fomed as a result of the reaction between the fertilizers and soils^“®. According 
to Dos Santos et aB the availability is a general property of the soil plant system 
and not of soil alone. Phosphorus occurs in the soil in different forms and com- 
pounds, but all of them are not equally available to the plants. Inorganic 
phosphates in the soils can be classified to four forms, calcium phosphate, iron 
phosphate, aluminium phosphate and reductant soluble phosphates. Russell®, 
Dean® and Ghani and Aleem’ have worked on this subject. According to 
Chirikov and Volkova®, the least available form is the alkali soluble fraction. 
The conventional methods for the determination of available phosphorus appear to 
extract a portion of all chemical forms and the availability of the respective phos- 
phorus fractions, however, is difficult to ascertain. 

As plants can utilize different forms of soluble phosphates, several extraction 
methods to‘ determine the availability of phosphate in soils have been recom- 
mended. Among the alkali extraction methods the use of sodium bicarbonate 
solution has been proposed, the theory being HGOg- ion reduces activity of the 
Ca++ ion in calcareous soils and thereby increases the solubility of phosphorus®. 
Jones^® has recommended the use of 0’5 N sodium hydroxide solution but 
Saunder^^ proposed the use of OT N sodium hydroxide solution for the deter- 
mination of available phosphate. 

In view of the above an attempt has been made by the authors to determine 
the solubility of Tata, Kulti, Durgapur, German and Belgian basic slags and 
Trichinopoly, Bihar and Algerian rock phosphates in sodium carbonate, sodium 
bicarbonate and sodium hydroxide solutions. 
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ilxperimental 

Sample : The composition of all the naturally occurring rock phosphates aud 
basic slags (except Durgapur basic slag) utilised in these experiments is the same 
as described in the paper^^ dealing with the influence of temperature on the 
hydrolysis of these materials. Durgapur basic slag contains 20-16% SiO., 3*48% 
P 2 O 5 , 6-87% AlaOa, 12-18% FcjO^, 37-77% CaO and 5-67% MgO. 


Solubility detetminaiion : 1*00 gm of rock phosphates or basic slags sieved 
through a 200 mesh sieve was taken in Jena Glass bottles and 100 ml of alkali 
solution was added to it. It was shaken in a mechanical shaker for one hour and 
then placed in a thermostat maintained at a temperature at SO'^G. After 24 hours 
it 'VA^as filtered and aliquot portions of the filtrate were utilised for the determina- 
tion of 


Results 

TABLE 1 


Material 

0-1 M 
NaHCOj 

0-1 N 
Na,CO» 

0-1 N 
NaOH 

02 N- 

NaOH 

Tata basic slag 

0-3413 

0-3807 

0-4895 

0-5877 

Kulti basic slag 

0-2149 

0-1497 

0-0972 

0-l(S5 

German basic slag 

0-6091 

0-6355 

0-7398 

0-8900 

Belgian basic slag 

0-5398 

0-5844 

0-7275 

0-8737 

Durgapur basic slag 
Trichinopoly rock 

0-2041 

0-1352 

0-0902 

0-0993 

phosphate 

0-1705 

0-1773 

0-2529 

0-2982 

Bihar rock phosphate 

0-1681 

0-1891 

0-2 169 

9-2709 

Algerian rock phosphate 

0-2078 

0-2390 

0-2605 

0-3307 


Bisciission 


The results obtained by treating Tata, Kulti^ German, Belgian and Duiga- 
pur basic slags and Trichinopoly, Bihar and Algerian rock phosphates with the 
solutions of sodium hydroxide, sodium carbonate and sodium bicarbonate have 
been recorded in Table 1 . It has been observed that except for Kulti and Durga- 
puf basic slags their general behaviour shows the same trend as other phos- 
phates^®. The solubility of Kulti and Durgapur basic slags is highest in sodium 
bicarbonate solution and lowest in sodium hydroxide solution, whilst, the solubi- 
lity of other substances is highest in sodium hydroxide solution followed by sodium 
carbonate and least in sodium bicarbonate. It appears that complex silico- 
phosphates in Kulti and Durgapur basic slags ate more suseptible b> milder 
alkalies like sodium bicarbonate and sodium carbonate than sodium hydroxide. 
When sodium carbonate or sodium bicarbonate is added to Tata, German and 
Belgian basic slags, a part of iron and aluminium phosphates present in them is 
converted into sodium phosphates with the liberation of iron and aluminium 
hydroxides. But these two mildly alkaline reagents when added to Kulti and 
Durgapur basic slags containing more silicates than phosphates can readily pre- 
cipitate carbonates of calcium and magnesium with the formation of sodium 
phosphates in soluble condition. This may explain the behaviour of^^Ddium 
bicarbonate in producing greater amounts of PgOs than that obtained by 
sodium hydroxide. Accor oing to KrolP® silico-camotite 3 CaO. P^Og : 2 CaO, 
Hilgenstockite 4 CaO.PjjOg Steadite 3 (GaO.PjOg) : 2 GaO : 2 GaO-SiO^ and 



I'homasite 6 GaO.P^Og : 2 FeO.SiOg, occur iix basic slags. It seems that Thoma- 
site is likely to be present in greater amounts in the phosphate rich basic slags 
because phosphate of iron present in Thomasite can be broken up into ferric and 
ferrous hydroxides and Sodium phosphates. On the other hand Silico-carnotite^ 
Hilgenstockiie and steadite not containing ferrouS and f rric compounds cannot 
produce sodium phosphates as much as Thomasite by the aciion of sodium 
hydroxide. Jt appears that HilgenstockitCj silico^arnotite and steadite are likely 
to be present in larger amounts than Thomasite in Kulti and Durgrpur basic slags. 
Thus by adding sodium carbonate or sodium bicarbonate solution to the sus- 
pensions of Silico-carnotite. Hilgenstockite and Steadite, calcium carbonate is 
likely to be precipitated and a part of the sparingly soluble phosphate is converted 
into sodium phosphates. Hence, by treating with sodium carbonate and sodium 
bicarbonate solutions, more ^ 2^5 comes out in the solutions with Kulti and 
Durgapur basic slags than by treating with sodium hydroxide solutions. The 
increase in the solubility of rock phosphates is due to the decomposition of calcium 
phosphates present in them to more soluble sodium phosphates. 

These results, therefore, establish that from alkali solubilization point of 
view Tata, German and Belgian basic slags are decidedly better source of phos- 
phatic fertilizers than Trichinopoly, Bihar and Algerian rockphosphatci and Kulti 
and Durgapur basic slags. 
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Effect of different Composts on the yield of Barley Grain and 
Barley Straw, Paddy Grain and Paddy Straw in Pots 

By 

N. R. DHAR & R* K. PANDEY 

Sheila Dhar Institute of Soil Science^ University of Allahabad, Allahabad 

Introduction 

We have studied the effect of different composts like phosphaled municipal 
rubbish, leaf compost and unphosphated municipal rubbish prepared by us on the 
yield of barley grain grown in the month of November, 1 960 and paddy grown in 
the month of July, 1961 in the same pots without further treatments. 

Methods and Materials 

For pot experiments the soil was collected from Sheila Dhar Institute’s 
garden. It was dried, well powdered and thoroughly mixed. 10 lbs of this soil 
was filled up in each earthen pot. In these earthen pots, well decomposed leaf 
compost, phosphated and unphosphated municipal rubbish composts were properly 
mixed and added at the rate ot 10 tons/acre and 5 tons/acre. Replication was 
carried out six times for each treatment. After making it unifrom, 8 seeds of 
barley grain were sown in each earthen pot and they were covered with a wire 
net to avoid birds and other harmful insects, and, a proper care was taken. . 

After an interval of 15 days, sufficient amount of water was added to main- 
tain the suitable moisture for barley crop. 

Thefolloming treatments were undertaken : 


1 . 

Phosphated municipal rubbish 


5 tons/acre 

2 . 



10 tons/acre 

3 . 

Leaf compost 


5 tons/acre 

4 . 



10 tons/acrc 

5 . 

Unphosphated municipal rubbish 


6 tons/ acre 

6 . 

» 


10 tons/acrc 

7 . 

Soil alone (control) 




Date of sowing 

4 - 11-60 


Date of harvesting 

22 - 3-61 


Number of seeds in each pot 

8 



,, treatments 

7 



,, ,, replication 

6 



Total number of earthen pots 

42 
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TABLE 1 

Analysis of materials used 



Leaf 

compost 

% 

Phosphated 
municipal 
rubbish % 

Unphosphated 
municipal 
rubbish % 

Soil 

% 

Loss on ignition 

21-9100 

6-2400 

10-6500 . 

4-2600 

Ash 

78-0900 

93-7600 

89-3500 

95-7400 

HGl insoluble 

62-8594 

77-93)9 

75-3200 

85-6738 

Sesquioxide 

9-2800 

10-2300 

10-0600 

7-9600 

Fe^Og 

3-8700 

3-6600 

4-7200 

2-0900 

PaOs 

Available PjOj ( 1 % citric 

0-9216 

1-2156 

0-8525 

0-3672 

acid solution) 

0-2857 . 

0-3650 

0-2453 

0-0527 , 

GaO 

2-6542 

3-2162 

1-8425 

0-8634 

MgO 

0-2852 

0-2615 

0-2506 

0-1665 

K^O 

1-8622 

0-8054 

0-7521 

0-5727 

lotal Carbon 

8-6900 

4- 1600 

6-2700 

0-4146 

1 otal Nitrogen 

2-4500 

1-2500 

0-8242 

0-0421 

NH 8 *-N 

0-0754 

0-0542 

0 0268 

0-0009 

NO 3 - N 

Total available N over 

0-1449 

0-1145 

0-0506 

0-0016 

Total N 

15-2 

13-5 

9-4 

6-1 

G/ Ratio 

5-9 

3-3 

7-6 

10-2 


FABLE 2 

Composition of soil after mixing different composts 
Treatments 


10 lbs soil 
+ 52 giDs 
Phosphated 
M. R. 

10 lbs soil 
+ 26 gms 
Phosphat- 
ed M. K. 

10 lbs soil 
- 4 - 52 gms 
leaf 

composts 

10 lbs soil 
+ 26 gms 
leaf 1 
composts 

lO lbs soil 
+ 52 gms 
unphosph- 
ated M.R. 

10 lbs soil 
+ 26 gms 
unph os pil- 
oted M.R. 

Soil 

alone 

(control) 

Sesquioxide % 7*974 

7-916 

7-964 

7-911 

7-973 

7-915 

■4-960 

Iron oxide % 2*108 

2-084 

2-110 

2-089 

2-121 

2-092 

2*090 

Total P,0« % 0-3786 

0-3611 

0-3735 

0-3682 

0-3727 

0-3678 

0-3602 

Available PaOs 
fl% citric acid 

solution) % 0*0562 

0-0541 

0*0553 

0-0537 

0*0544 

0-0534 

0-0527 

Total Cab % 0-8901 

0-8718 

0-8837 

0-8686 

0-8745 

0*8640 

0-8634 

Total K 4 O % 0-5753 

0-5708 

0-5873 

0-5767 

0-5747 

0-5704 

0*5727 

Total MgO % 0-1675 

0-1660 

0-1678 

0-1662 

0*1674 

0-1660 

0-1665 

Total Carbon % 0*4670 

0-4335 

0-5085 

0*4493 

0-4811 

0*4455 

0-4146 

Total Nitrogen % 0*0559 

0-0489 

0-0581 

0 0499 

0-0510 

0-0436 

0-0421 

NEg-Nyo" ' 0-0015 

0-0011 

0-0017 

0*0013 

0-0013 

0-0011 

0-0009 

NO, - N % 0-0029 

0*0022 

0-0032 

0-0024 

0-0022 

0-0019 

0-0016 

Total available 

N % 0-0044 

0-0033 

0*0049 

0-0037 

0’0035 

00030 

0-0025 

G/N ratio 8*3 

0-8 

8-7 

9-2 

9-4 

9-6 

10*2 
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TABLE 3 


Analysis of soil after the harvesting of Barley 


Treatments 



10 lbs soil 
+ 52 gms 
phosph* 
ated M.R. 

10 lbs soil 
+ 26 gms 
phosphated 
M, R. 

10 Ibi soil 
+ 52 gm s 
leal 

compost 

10 lbs soil 
+ 26 gms 
leaf 

compost 

10 lbs soil 
+ 52 gms 
unphosph- 
ated M, R. 

10 lbs soil 
+ 26 gms 
UD pbospb- 
atcd M.R. 

Soil 

alone 

(control) 

Sesquioxide % 

7-968 

7-902 

7-950 

7-906 

7-967 

7-912 

7-923 

Iron oxide % 

2-097 

2-071 

2-093 

2-081 

2-118 

2-081 

2-042 

Total PjOs % 

0-3754 

0-3610 

0-3720 

0-3672 

0-3720 

0-3668 

0-3660 

Available PjOs 

1 P/o citric acid 

solution) % 

0-0543 

0-0520 

0-0536 

0-0522 

0-0530 

0-0525 

0*0512 

Total GaO % 

0-8890 

0 8715 

0-8630 

0-8675 

0-8742 

0-8639 

0*8633 

Total KaO % 

0-5745 

0-5696 

0-5866 

0-5754 

0*5735 

0-5661 

9-572a 

Total MgO % 

0-1668 

0-1651 

0‘1671 

0-1653 

0-1662 

0-1660 

0*1663 

Total carbon % 

0-4220 

0-4096 

0-4620 

0*4332 

0-4316 

0-4232 

0-4065 

Total Nitrogen % 0-0543 

0-0165 

0-0563 

0-0478 

0-0512 

0-0445 

0-0418 

NHa-N % 

0-0016 

0-0012 

0-0013 

0*0013 

0*0012 

0-0013 

0-0010 

NO, - N % 

0-0027 

0-0019 

0-0027 

0-0023 

0*0021 

0-0018 

0-0013 

Total available 

N % 

0-0043 

0-0041 

0-0040 

0-0036 

0-0033 

0-0031 

0-0025 

G/N ratio 

7-6 

8^6 

8-2 

9*0 

8-4 

9-5 

9-7 


TABLE 4 

Tield of Barley grain in Pots from different composts 

Replication 

Treatments 

1 

2 

3 

4 

5 

6 

Total 

Phosphated M. R. (5 tons/acre) 

33 

28 

33 

29 

30 

28 

181 

Phosphated M. R. (10 tons/acre) 

42 

40 

39 

43 

45 

44 

253* 

Leaf compost (5 tons/acre) 

28 

26 

29 

24 

26 

25 

158. 

Leaf cornpost (10 tons/acre) 

40 

38 

39 

36 

42 

41 

226 

Unphosphated M. R. (5 tons/acre) 

22 

24 

25 

21 

18 

23 

133 

Uhphosphated M. R. (10 tons/acre) 

31 

35 

30 

34 

^^2 

31 

193 

Soil alone (control; 

9 

8 

7 

6 

12 

8 


Total 

205 

199 

202 

193 

205 

200 

1194 
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TABLE 5 


Analysis of variance for the yield of Barley grains 


Due to 

D. F. 

S. S. 

M.S. 

Calculated 

F 

F from table 

Level of 
significance 

10/ 

^ /o 

5% 

Total 

41 

5366-3 

130*88 




Yield is 

Treatments 

6 

4430-9 

738-48 

63-66 

2-42 

3-47 

highly 

Replications 

5 

585-4 

117-0 

10-00 

2-53 

3-70 

significant. 

Error 

30 

350-0 

11-6 

- 

- 

- 



TABLE 6 

Tield of Barley straw in Pots from different composts {gms) 
Replications 


Treatments 

I 

2 

3 

4 

5 

6 

Total 

Phosphated M. R. (5 tons/acre) 

44 

46 

45 

43 

45 

47 

270 

Phosphated M. R. (10 tons/acre) 

63 

65 

67 

70 

68 

66 

399 

Leaf compost (5 tons/acre ) 

39 

42 

38 

43 

40 

41 

243 

Leal compost (10 tons/acre) 

58 

60 

62 

63 

63 

59 

365 

Unphospiaated M. R. (5 tons/acre) 

32 

35 

34 

33 

36 

35 

205 

Unphosphated M. R, (10 tons/acre) 

53 

54 

48 

52 

51 

49 

307 

Soil alone (control) 

17 

16 

21 

20 

22 

18 

114 

Total 

306 

318 

315 

324 

325 

315 

1903 


lABLE 7 


Analysis of variance for the yield of Barley straw 


Due to 

D. F. 

s. s. 

M. S. 

Calculated 

F 

F from the table 

Level ol 
significance 

i% 

5% 

Total 

41 

9529-0 

232-4 

— 

— 

— 

Yield is 

Treatments 

6 

9382-5 

1563-2 

489-9 

2-42 

, 3-47 

highly 

Replications 

5 

41-1 

9-8 

3-0 

2-53 

3-70 

significan 

Error 

30 

97-4 

3-2 


— 




TABLE 8 


field of Paddy grains in Pots from different compost {gms) 
Replications 


Treatments 

1 

2 

3 

4 

5 

6 

Total 

Phosphated M. R. (5 tons/acre) 

42 

40 

45 

38 

41 

43 

249 

Phpsphated M. R. (10 tons/acre) 

52 

55 

53 

50 

.52 

55 

317 

Leaf compost (5 tons/acre) 

37 

35 

38 

34 

36 

39 

219 

Leaf compost (10 tons/acre) 

47 

49 

48 

44 

45 

46 

279 

Unphosphated M. R. (5 tons/acre) 

32 

30 

34 

33 

30 

31 

190 

Unphosphated M. R. (10 tons/acre) 

41 

43 

44 

42 

43 

44 

257 

Soil alone (control) 

17 

20 

18 

16 

19 

18 

108 

Total 

268 

276 

280 

257 

266 

276 

1619 





tABLfi 9 

Analysis of variance for the yield of Paddy grains 


Due to 

D, F. 

s. s. 

M. S. 

Calculated 

F 

F from table 

Level of 
significance 

1% 

5% 

Total 

41 

4723-0 

115-1 

— 



Yield is 

Treatments 

6 

4610-6 

768-4 

365-9 

2-42 

3-47 

highly 

Replications 

5 

47-5 

9-5 

4-5 

2-53 

3-70 

significant 

Error 

30 

64-9 

2-1 






TABLE 10 

field of Paddy straw in Pots from different composts {gms) 
Replications 


Treatments 


Phosphated M. R. (5 tons/acre) 
Phosphated M. R. (10 tons/acre) 
Leaf compost (5 tons /acre) 

Leaf compost (10 tons/acie) 
Unphosphated M. R. (5 tonsyacre) 
Unphosphated M. R. (10 tons/acre) 
Soil alone (control) 

Total 


1 

2 

2 

4 

5 

6 

Total 

55 

54 

57 

54 

58 

54 

332 

72 

76 

77 

79 

78 

76 

456 

50 

50 

49 

52 

53 

55 

309 

65 

68 

70 

68 

69 

69 

409 

44 

43 

45 

4' 

46 

45 

267 

55 

54 

56 

55 

57 

56 

330 

25 

24 

27 

26 

28 

23 

153 

366 ■ 

369 

389 

376 

389 

378 

2259 


TABLE n 

Analysis of variance for the yield of Paddy straw 



D. F. 

S. S. 

M. S. 

F from table ' 

Level of 
significance 

Due to 

F 1% 

5"'o 

Total 

Treatments 

Replications 

Error 

41 

6 

5 

30 

9691-1 

9084-1 

48-5 

597-4 

236-3 

1514-0 

9-7 

19-9 

76-0 2-42 

0-4 2-53 

1 1 

CO CO 

Yield is 

highly 

significant 


Discussion 

From the foregoing results, it is clear that by the addition of different com- 
Dosts like phosphated municipal waste compost, leaf compost and unphosphated 
miuiicinal waste compost and also at different rates, that is, 5 tons/acre, and 
10 tons/acre, to the soil in pots, much better results are obtained th^ in the 
control. A good amount of increase of yield in grain and straw was obtamed in 
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the c^se of barley and paddy crops. The effect of different composts on the yield 
of grain and straw was in the following order : 

Phosphated municipal rubbish > Leaf compost > 

(Jnphosphated municipal rubbish 

Acharya and Walunjkai^ carried out pot experiments on a neutral sandy 
loam soil from Delhi, growing Mams I'Eleucine coracana) and Berseem iTrifolimn 
alexandrinum) and found that a mixture of cattle excreta and sup:!rphosph.ue, 
fermented for a period of 4 months, gave a higher crop yield than the application' 
of an equal amount of compost fermented separately. Struthers and Siding^ have- 
shown better crop response by the application of organic manure and phosphate 
than with the application of phosphate alone to the soil. 

Several other workers have reported that the addition of humified organic 
matter like farm yard manure or compost along with superphosphate helps to 
minimise the fixation of phosphate in insoluble forms in the soil, Copeland and 
Muckle®, Das^, Aslander^, Ranjan'^ reported the beneficial effect of compost and 
phosphate. 

Our experiments also prove the same thing because both the composts that 
is, phosphated municipal rubbish and leaf compost have been prepared through the 
incorporation of phosphate and have given higher yields in comparison to the 
unphosphated municipal rubbish. The difference between the yields of these two 
phosphated composts may be due to the presence of higher amount of phosphate 
in the phosphattd municipal rubbish. 

In our experiments beneficial results have also been obtained when the 
composts are added at the rate of 10 tons/acre than at 5 tons/acre. In the case 
of 5 tons/acre also the effectiveness of the different composts on the yield is in the 
s^e order as in the case of 10 tons/acre. 

From our pot experiments we have come to the conclusion that incorporation 
of phosphated compost is better than the unphosphated compost for the yield of 
grain and straw for both barley and paddy. 
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Influence of Phosphates in Nitrogen Transformations in the 

Composting of Kans 

By 

N. R. DHAR & R. K. PAN^EY 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 

Introduction 

The utilization of decomposing organic matter as a manure was known from 
anci nt times. The Romans valued the use of decayed materials and prepared 
'mamir.- heaps on their farms. Even in modern times the superior value of farm 
yard manure has been demonstrated by long and careful experimentation at the 
Rothaii'.sted Experiment Station. 

RusselP has reported that the yield of Barley and straw with farmyard 
manure in Rothamsted field experiments from 1844 till today is better than that 
obtained with complete artificial fertilizers containing ammomum salts. Potassium 
"salts and phosphate. This is due to the fact that there is more nitrogen in the field 
manured with farm yard manure than with artificials. 

Dhar, in his Presidential Address to the National Academy of Sciences, India 
1952, has stated as follows : * ^ ^ 

: ‘‘From our composting experiments we are convinced that calcium phosphate 

ib\ helpful in the composting of plant materials, specially in the absence of 
nitrogenous fertilizers because phosphates help in nitrogen fixation by organic 
matter and, hence, calcium phosphate or phosphate rock should be largely used in 
composting. 

DswrzbickP stated that phosphate increases nitrogen fixation due to their 
effect on the metabolism of Azotobacter cells. Lipman® observed a similar 
relationship between phosphorus and nitrogen fixation in the presence of an excess 
of available energy material. 

The importance of phosphorus in Agriculture will be clear by the statement 
made by Collings^ : . . 

' “Low crop yields are more often due to lack of phosphoric acid than to the 
lack of any other nutrient. Phosphoric acid has often being called ‘the master 
key’ to Agriculture. Phosphoric acid appears to be concerned with the produc- 
tion of nucleoprotieds and it appears that phosphoric acid influences the production 
of seeds or grain more particularly than does nitrogen or potash.” 

It has been observed that the availability of mineral phosphates can be 
increased by composting it with organic matter. Most of the earlier workers. 
Brown and Warner^, Lipman and Mclean**, Hutchinson’ have shown that 
ground Phosphate rocks can be converted in part to a more available form by 
composting it with sulphur and sulphur oxidizing bacteria. In such a compost 
the sulphur oxidizing organisms convert the sulphur to sulphuric acid, which in 
turn, act upon phosphate rock and converts a part of it into an available form. 

Many investigators® observed that the organic matter increased the 
availability of soil phosphate and of rock phosphate which are added to the soil as 
fertilizer. 
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t)Iiar'® has observed that when tricalcium phosphate is boiled with distilled 
Water, an appreciable amount of phosphoric acid is dissolved due to hydrolysis 
according lo the following equations : 

(1) GaalPOJ, + 2HaO = 2GaHPO^ + Ga(OH )2 

(2) CaaiPO^)^ 4 m^O = GarHaPO,)^ + 2GaiOH)2 

(S) Ca 3 (POj, + eU^O = 2 H 3 PO, + 3Ga(OHj, 

In the soil such hydrolysis of calcium phosphate takes place slowly and 
phosphates are made available to the crops. 

As the function of phosphates in composting is not known, the present inves- 
tigations were undertaken to determine the influence of diflerent phosphates in the 
composting of different organic substances. The influence of phosphates was 
studied on the changes of carbon, nitrogen and G/N ratio of the compost. The 
eflect of decomposting organic matter on the increased availability of added 
phosphates and the availability of nitrogen in the phosphate treated and the unphos- 
phated composts was also studied. The experiments were carried out in buckets. 

Experimental 

KANS iSacchram Spontaneum) obtained was well diko, choff d. and 
powdered by an electric giinder. A w^eigh( d amount of the pow'dered KANS was 
placed in buckets and was supplied with a dose of 0*5 % P 2 O 5 from diflerent 
sources of phosphatic materials in different buckets. 

The reacting mass was mixed well by a glass rod and was kept at a moisture 
level ol 40% throughout the period of the experiment. To facilitate decompostion, 
the whole mass of each bucket w^as stirred well thrice per w^eek and the temperature 
was recorded daily at noon. One set was exposed to the light of 100 W. electric 
bulb and a corresponding set was kept covered with a thick piece of black cloth. 

After a definite interval of time, a portion of the mixture was taken out of 
each bucket, was oven dried, powdered and sieved and then analysed for total 
carbon, total nitrogen, ammoniacal nitrogen, nitric nitrogen, and available etc. 


TABLE 2 

1 Kgm Kans + 40% moisture [control) At Temp, 28°C 


Period of 
exposure 
in days 

Total 

carbon 

(gmsj 

Total 

nitrogen 

(gms) 

NH 3 — N 
(gm) 

NO 3 — N 
(gm) 

Nitrogen 
increase 
(+) or 
decrease 
( -- ) (gms) 

Available 

P.O5 

% 

G/N 

ratio 

0 

S96-4620 

6-8170 

Light 




58+ 

so 

322-S2i6 

8-74i)0 

0-2’841 

0-3541 

+ 1-9260 

0 •6S62 

36-8 

60 

2742633 

10-5620 

0-3625 

0-6726 

+3-7450 

0-0428 

25-9 

90 

254-9251 

11-6410 

0-6524 

1-0355 

+4-8240 

0-0684 

21-8 

120 

237-0843 

11-3290 

0-5386 

0*8662 

+ 0-3120 

0-0724 

20-9 

0 

396-4620 

6-8170 

Dark 



58-1 

SO 

34i-r098 

7-96;:0 

0-1982 

0-2318 

+ I-i’400 

0-0247 

43-0 

60 

312-0156 

9-0240 

0-2934 

0-3924 

+2-2070 

0-0307 

34-5 

90 

282 6774 

10-4020 

0-3758 

0-6124 

+3-5850 

0-0418 

27-1 

120 

272-0084 

10-2890 

0-3075 

0-5669 

-0-2130 

0-0498 

26-4 
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TABLE 3 


1 Kgm Kans + 0-5% PjOj as A.R.P. (A) + 40% moisture At Temp. %S'C 


Period of 
exposure 
in days 

Total 

carbon 

(gms) 

nilro?! NH.-N NO.-N 

(gms) (Sm) (gm) 

Nitrogen 
increase 
(-f-) or 
decrease 
( -') (gms) 

Available 

P 2 O 5 

% 

G/N 

raiio 

0 

396-4620 

6-8170 

Light 




58-1 

30 

294-9678 

9-7S80 

C-3043 

0-4200 

+2-9210 

0-0708 

30-2 

60 

254-2206 

12-7720 

0-5463 

0-7820 

+5-9550 

0-0762 

19-9 

90 

175-9S27 

14-6230 

0-8539 

1-3334 

+ 7-8060 

0-0849 

12*0 

120 

148-6733 

14-1280 

0-7534 

1-1539 

-0-4950 

0-0893 

10-5 

0 

396-4620 

6-8170 

Dark 




58-1 

30 

320-7378 

8-1910 

0-2045 

0-2623 

+ 1-3*740 

0-0573 

39-1 

. 60 

275-5411 

10-5240 

0-3725 

0-4589 

+3-7070 

0-0625 

26-1 

90 

233-7030 

11-8750 

0-5075 

0-7512 

~|"5*u580 

0*0697 

19-6 

120 

187-9230 

11-4350 

0-4085 

0-5634 

-0-4400 

0 0801 

16-4 

0 

1 Kgm 

396-4620 

Kans -f 0-5% 

6-8170 

TABLE 4 

P 2 O 5 asA.R.P. [B] 
Light 

+ 40% moisture 

58-1 

30 

300-1218 

10-0910 

0-3045 

0-4826 

+3-2740 

0-0735 

29-7 

60 

236-5879 

1 2-4960 

0-5325 

0-7546 

+5-6790 

0*0795 

18-8 

90 

189 7160 

15-0270 

0-8374 

1-5367 

+ 8 - 2 I 0 O 

0-0876 

12-5 

■- 120 

151-4485 

14-3560 

0-6528 

1-2709 

-0-6710 

0-0895 

10-5 

0 

396-4620 

6-8170 

Dark 




58-1 

30 

327-0812 

8-6480 

0-2185 

0-2485 

+1-8310 

0-*6336 

37-8 

60 

272-3694 

10-0750 

0-3379 

0-4883 

+3-2580 

0-0598 

27-0 

90 

228-3622 

12-3270 

0-5637 

0-8139 

+5-5100 

0-0642 

j8-5 

120 

183-1655 

11-9450 

0-4326 

0-7261 

-0-3820 

0-0703 

15-3 

0 

1 Kgm 

396-4620 

Kans + 0-5% 

6-8170 

TABLE 5 

P^Os A.R.F. (C) 
Light 

+ W/^moisture 

58-1 

30 

293*4350 

10-3970 

0-3285 

0-5032 

+3-5800 

0-0775 

28-2 

• 60 

224-3975 

12-7520 

0-5768 

0-8769 

+5-9350 

0*0892 

17-5 

90 

168-8927 

15-5630 

0-8473 

1-6739 

+8-7460 

0-0972 

10-8 

120 

137-5724 

15-0050 

0-6528 

1-3229 

-0-5680 

0-0992 

9-1 

0 

396-4620 

6-8170 

Dark 




58-1 

30 

315-5838 

8-8390 

0-2305 

0-2733 

+2-6220 

0*0583 

35-7 

60 

264-0437 

10-0750 

0-3752 

0-4812 

43-2580 

0-0614 

26-2 

90 

212-9001 

12-7520 

0-5739 

0-8926 

+5-9350 

0*0736 

16-6 

120 

172-8575 

12-2640 

0-4836 

0-7532 

-0-5060 

0-0787 

14-1 
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TABLE 6 


1 Kgm Kans + 0-5% as T.B.S. 40% moisture At Temp. 28°C 


Period of 
exposure 
in days 

Total 

carbon 

(gms) 

Total 

nitrogen 

(gins) 

NHa— N NO 3 — N 
(gm) (gm) 

Nitrogen 

increase Available 
(+)or 

decrease % 

(-) (gms) 

C/N“ 

ratio 

0 

396*4620 

6-8170 

Light 




58-1 

30 

276-3S41 

10*5870 

0-4726 

0-5543 

+ 3-7700 

0-0827 

26-1 

60 

202-9866 

13-2450 

0-6535 

1-0419 

+-6-4280 

0-0947 

15-3 

90 

145-1051 

16-4730 

1-2431 

1-8374 

+ 9-6560 

0-1375 

8-8 

120 

109-0271 

15*5380 

0-8375 

1-7418 

-0-9350 

0-1403 

7*0 

0 

396-4620 

6-8170 

Dark 




58-1 

30 

306-41.24 

9-0470 

0-2408 

0-3382 

+2*2300 

0-0603 

33-9 

60 

292-9428 

11-2080 

0-3629 

0-5674 

+4*3^j40 

0*0721 

22-5 

90 

183-7513 

13*4350 

0-6835 

0-9959 

+6-6180 

0*1863 

13*7 

120 

161-3591 

12-8530 

0-5837 

0-7 059 

-0-5820 

0-09i2 

12-5 

0 

1 Kgm 

396-4620 

TABLE 7 
Kans + 0*5% as 

Light 

6-8170 

K.B.S. + 

407o moisture 

58-1 

30 

291-7961 

10-2590 

0-3406 

0-4905 

+ 3-4420 

0-0785 

28-3 

60 

217-6577 

12*6960 

0-5306 

0-8913 

+5-8790 

0*0845 

17-1 

90 

153--1308 

16-0580 

0-9024 

1-7311 

+ 9-2410 

0-0987 

9-5 

120 

116-16i4 

15-3250 

0-7346 

1-5569 

-0-7£30 

0-1128 

7*5 

0 

396-4620 

6-8170 

Dark 




58-1 

£0 

318-9626 

8-5320 

0-2125 

0*2824 

+ 1-7150 

0-0578 

36-2 

60 

256-5110 

10-4750 

0-3624 

0-4547 

4-^6580 

0-0716 

24-4 

90 

194-8877 

13-2180 

0-6246 

G-882- 

H-6-4010 

0*0836 

14-7 

120 

168*9282 

12-5720 

0-4738 

0-6818 

— 0*6460 

0-0869 

. -13-4 

0 

1 Kgm 

396-4620 

TABLE 8 

Kans + 0-5% as B.R.P. -+ 

Light 

6-8170 

■ 4*J% moisture. 

58*1 

30 

£03-6899 

9-3980 

0-3026 

0-4116 

+ 2-5810 

•0*0685 

£2-3 

60 

248-1942 

11-2210 

0-4836 

0-6609 

+ 4-4040 

0*0743 

22-1 

90 

176*5620 

14-1150 

0-7329 

1 *4549 

+ 7-2980 

0-C865 

: 12-4 

■ 120 

156*9920 

13-4770 

0-6284 

1-1506 

- 0-t 380 

C-0907 

11-6 

0 

396*4620 

6-8170 

Dark 




■ 58-1 

£0 

331-0758 

8-0B70 

0*2004 

0-2525 

+ 1-2770 

0-0564 

40-9 

60 

277*5234 

9*1730 

0-2875 

0-4] 88 

4 2-3560 

0-0598 

30-9 

90 

233-9126 

11-5130 

0-4372 

0*8062 

+ 4-6960 

0-0678 

20-0 

• 120 

195-4558 

10-9530 

0-3437 

0-6192 

~ 0 *5600 

0-0708 

17-8 


[ 468 ] 




TABLE 9 , 

1 Kgm Kans + 0*5% PaO- as T.B.P. 40% moisture At Temp. 2&°C 

>■ 


period of Total NHg N NO^ N ravanauic 

' ratio 


Total 

closure carbon nitrogen 
in days (gms) (gm) 


1,3 

(gm) 


'3 
(gm) 


0 

30 

60 

90 

120 

0 

30 

60 

90 

120 


Nitrogen 
increase Available 
( + ) or 
decrease 
( - ) (gms) 


»/ 

/ 0 


Light 


0 

396-46-20 

6-8170 



. » * 


58^1 

30 

297-3465 

9-8890 

0-2847 

0-4669 

+3-0720 

0-0746 

30-6 

60 

231-9320 

12-7320 

0-5463 

0-8924 

+5-9 150 

0-0824 

18"2 

90 

172-4620 

15-2690 

0-8435 

1-5-232 

+ 8 - 45 - 2 O 

0-1 984 

11-2 

120 

185-9865 

14-5290 

0-6335 

1-3715 

-0-7400 

0-1023 

9-3 




Dark 





0 

396-4620 

6-8170 


> • ' 


« • • 

58-1 

30 

333-0281 

8-8230 

0-2142 

0-2711 

+2-0060 

0-0597 

37-7 

60 

267-6121 

9-9870 

0-3625 

0-4964 

+3-1700 

0 0635 

26-7 

90 

223-2082 

12-5640 

0-56-27 

0-7942 

+6-7440 

0 0704 

17-7 

120 

173-8584 

11-9380 

0-4254 

0-8968 

-0-6220 

0-0768 

14-5 




TABLE 10 





1 Kgm Kans 

+ 0-5% 

P^O;, as super phosphate 

r + 40% moisture 





Light 




58-1 

0 

396-4620 

6-8170 

• « • 

. . . 

. . . 


30 

293-3819 

9-7350 

0 3265 

0-4718 

+2-9180 

0-0758 

30-1 

60 

228-7486 

12-7290 

0-5623 

0-8761 

+5-9120 

0-0845 

17-9 

90 

178-4080 

15-0750 

0-7954 

1-6468 

-f- 8*2580 

0-0978 

11-7 

120 

153-5193 

14-3820 

0-6295 

1-4990 

-0*6930 

0-1124 

10-6 




Dark 




58-1 

0 

396-4620 

6-8170 



• « V 

0-0554 

30 

323-9195 

8-3560 

0-2136 

0-2794 

+ 1-5390 

3j-7 

60 

269-5942 

10-0970 

0-3583 

0-4798 

+3-2800 

0-0608 

26-6 

90 

220-8294 

12-3450 

0-3432 

0-8518 

+5-5280 

0-0735 

17-8 

120 

177-6150 

11-5760 

0-4836 

0-6277 

-0-7690 

0-0764 

15-2 




TABLE 11 






1 Kgm Kans +0‘55i asB.B.S. + ¥)°lo moisture 
Light 


396-4620 

271-9730 

199-4204 

138-9688 

104-2696 

396-4620 

303-2935 

234-6171 

176-8221 

157-3955 


6-8170 
10 5380 
13-7620 
16-8540 
15-7350 

6-8170 

9-0(30 

11- 4250 
13-7840 

12- 8750 


0'4085 0-6137 

0- 7532 1-0496 

1- 3081 2 0121 

0-9354 1-8182 

Dark 


+ 3-7210 
+6-94:0 
+ 10-0370 
-1-1190 


0-2052 0-3464 +.2-2130 

0-3582 0-6244 + 4-6080 

0-6525 0-0154 + 6-9670 

0-4375 0-8886 -0-S090 


0-0859 

0-0983 

0-1408 

0-1457 


0-0647 

0-0697 

0-0736 

0-0815 


58-1 
25 8 
14-4 
82 
6-6 

58-1 

33-5 

20-5 

12-8 

12-2 
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Discussion 

Shortly after the commencement of the composting in the buckets the tem- 
perature was higher than the surrounding air temperature. The increase of 
temperature was always higher in the pho^phated compost than in unphosphated 
ones. It was a! o obs rved that temperature of the set exposed to light was higher 
than that of the c overed set. After 4 to 5 days^ signs of decomposition were 
visible and daikening of the compost had started. Reduction in volume was also 
observed in all the bucket composts after 45 days. 

The sudden rise in temperature indicated that the conditions were favouiable 
for chemical and microbiological decomposition and oxidation. I' he initial sudden 
rise in temperature was due to the oxidation of soluble carbohydrates. The con- 
tinued rise of temperature fox^ a long time indicates that steady oxidation of 
complex molecules of cellulose and lignin was occurring in the buckets. Waksman 
and Tcnny^^ have reported considerable losses of organic matter in composting. 
Martin and Wang^^ have observed 80% reduction of organic matter in course of 
time which shows the rapidity with which it gets oxidized. 

Amount of carbon oxidation in the Bucket composts on the addition of different 

phosphatic fertilizers 

Original carbon present 396»46 gms 





Carbon oxidised (gms) 


Treatments 

Days 

Light 

Dark 

1. 

KANS (alone) 

90 

141-53 

llS-78 

2. 

KANS + Algerian rock phosphate 

90 

220-53 

162-76 

3, 

KANS 4“ Algerian rock phosphate 

90 

206-74 

168-10 

4. 

KANS Algerian rock phosphate 

90 

227-57 

183-56 

5. 

KANS + Tata basic slag 

90 

251-36 

211-71 

6. 

KANS 4“ Kulti basic slag 

90 

243-03 

201-58 

7. 

KANS 4- Bihar rock phosphate 

90 

219-90 

162-55 

8. 

KANS + Trichinopoly rock phosphate 

90 

224-00 

173-25 

9. 

KANS 4- superphosphate 

90 

218-05 

175-63 

10. 

KANS + Belgian basic slag 

90 

257-50 

219-64 


It is clear from the above results that carbon was oxidised to a greater extent 
in the phosphated composts than in the unphosphated ones both in the light and 
in the dark. During the composting process a progressive increase of nitrogen 
concentration was observed. The Kans was originally poor in nitrogen content, 
i.e., 0'68I7%. But as the decomposition proceeded, nitrogen concentration increased. 
This increase in concentration of nitrogen followed the decrease of total organic 
matter and organic carbon. The increase is due evidently to rapid and continuous 
losses of organic matter and also partially due to the fixation of atmospheric 
liitrogen in the composts as is revealed by the total nitrogen values. 
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Afnount bj nitrogen in the Bucket cbmposts when different Pkosphatic fertilizers 
were added to the different systems 


T reatments 

1. KANS (alone) 

2. KANS + Algerian rock phosphate ^^A’’ 

3. KANS + „ „ ,, 

4. KANS + ,, ,, ,, 

5. KANS + Tata basic slag 

6. KANS + Kulti basic slag 

7. KANS + Bihar rock phosphate 

8. KANS + Trichinopoiy rock phosphate 

9. KANS + Superphosphate 

0. KANS + Belgian basic slag 

From the foregoing results it appears that nitrogen content in the phosphated 
composts was greater both in light and in the dark than the unphosphated com- 
posts. But, an analysis of these composts after 90 days showed some loss of 
nitrogen. It was also observi.d that the G/N ratio in the presence of phosphates 
wes lower than in the abs nee of phosphates. 

An increase in nitrogen in the composts by nitrogen fixation from air has 
been reported by a number of workers. Howard and Wad*^ reported gain in 
nitrogen from 4*4 to 26* 'i%. One case in which residues were poor in nitrogen 
showed the highest nitrogen fixation of 26*3%, but, in most of the experiments of 
Howard considerable loss of nitrogen took place. Acharya and Go-workers^'^ have 
found that addition of earth to decomposing refuse helps in conservation and 
fixation of nitrogen. 


ai IN Jt^resent t)*B2 gms. 

Nitrogen (gms) 
Days Light 

Dark 

90 

11-6410 

10-4020 

90 

1'1-62S0 

11-8750 

90 

15-0270 

12-3270 

90 

15-5630 

12-7570 

90 

16-1730 - 

13-4350 

90 

16-0580 

13-2180 

90 

14-1150 

11-5130 

90 

15-2690 

12-5640 

90 

15-0750 

12-3450 

90 

16-8540 

13-7^ 


• We have also observed in our experiments that in the presence of finely 
divided rock phosphate, basic slag and superphosphate, the fixation of atmospheric 
nitrogen is greater than in the absence ol phosphates. There is an appreciable 
amount of nitrogi.-n fixation in our experiments of composting of KANS when small 
amounts of phosphatic fertilizers were added. 

On the whole it appears that composting of these materials with Belgian basic 
slag, and Tata basic slag is more profitable from the view point of nitrogen inerda^^. 
Under ordinary conditions the proteins present or formed in nitrogen fixation 
undergo ammonification and nitrification, which are also accelerated by light 
absorption and increase of temperature and form nitrate as in the following 
scheme : 

+ 'fOg +O2 

Proteins Amino acids >NHj^ compounds — ^NOg 

In these series of reactions the unstable substance, ammonium nitrite, is formed 
and it decomposes according to the following. equation. 

NH4NO2 =- + 2H2O + 718 K. cals. 

Hence, along with nitrogen fixation and formation of proteins caused by the 
absorption of energy obtained from the oxidation of energy materials and light 
absorption in the compost heaps, ammonification and nitrification of the nitrogenous 
compounds takes place which oppose the increase of amino acids and proteins 
etc. .... in buckets. Thus the amount of proteins remaining in the bucket compost 
tends to decrease. Gons^quently, the loss of nitrogen is observed. But, in presence 
of large amounts 6i phosphates in the system, stable phospho-proteins are formed 
by the combination of proteins and phosphates. These compounds seem to resist 
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aintoonification, nitrification and loss of nitrogen as compared to proteins alone. 
This appears to be an important reason for greater fixation of nitrogen in the 
phosphated composts. 

It has also been observed that there has been greater amount of available 
phosphate in light than in the dark in all our composting experiments, although, 
the amount of phosphate added is the same. This is due to the fact that tricab 
dum phosphate, present in rock phosphate and basic slag, is converted into more 
soluble forms of phosphate such as dicalcium phosphate and monocalcium phosphate 
by the action of carbonic acid and other acids produced during the decomposition, 
ammonification and nitrification of the added organic materials. This is clear 
from the following equations : 

it) Ca.{POj\ + ClOo + H,0 - 2GaHP04 GaCO^ 
iH) Ca,,{P04 )2 + 2GO2 4- 2H O Ga'HgPO^:^ + 2GaGO, 

The following observations of Dhar^^ are of great interest in this connection : 

‘^The third dissociation constant of phosphoric acid is smaller than the 1st 
dissociation constant 01 carbonic acid and, hence, carbonic acid converts tricalcium 
phpi>pi>at€ into dicalcium phosphate, w’hich is more soluble than the tricalcium 
pho;,phate- Then the availability ol phosphates is increased in the systems rich in 
carbonic acid obtained from tiic oxidation of organic substances. Similarly, 
nitrous acid and nitric e.cid formed in the soil on ammonification and nitrification 
of proteins make phosphates mure readily available. Thus, phosphates are more 
useful in the pies, ncc of organic substances like farm yard manure, straw etc. .... 
undergoing slow oxidation.” 

In this way more carbonic acid, nitrous and nitric acids become available in 
the composting of plant materials and convert the tricalcium phosphate and rock 
phosphate to more soluble form of phosphates such as dicalcium and monocalcium 
phosphates. 

Mor( over, we have observed the increased availability of nitrogen in the 
phosphate d and exposed sets than in the unexposed ones, as is evident from the 
fort going experimental results. 

From the preceding experimental results it is clear that when Kans is com- 
posted in conjunction with the phosphates in the presence of light, the nitrogen 
status of the composts is improved and thus can be utilized profitably in improvipg 
the l^d fertility permanently. 
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Effect of different organic materials and phosphate on the 
yield of Paddy Grain and Paddy Straw, Wheat Grain 
and Wheat Straw in field trials 

By 

N. R. DHAR & R. K. PANDEY 

Sheila Dhar Institute of Soil Science, U nicer sity of Allahabad, Allahabad 

The present paper deals with the results obtained by ploughing in different 
organic materials like wheat straw, Kans (Saccharum spontaneum) and sunhemp 
{Grotalaria juncia) alone and in conjunction with Tata basic slag { Thomas) on 
the yield of paddy grown in July 1961 on the same land, without further treat- 
ment^ wheat was grown in October, 1961. 

Methods and Materials 

The field trials were conducted at Anapur (Allahabad) in a farmer’s field 
which is uniform. The experience of the resident farmers was utilized in the 
selection of the site. Soil samples were taken out from the different layers and 
from different spots upto the depth of 6'^ in order to determine the uniformity of 
the soil oi the field. The soil of the field was of the alluvial type in which the 
crops were continuously grown for a number of years. 

The design adopted was randomised block layout, giving six replications to 
each treatment. The area of each plot was 726 sq. ft., which is just equivalent to 
l/60th of an acre. The following organic materials were used as manure : 

(1) Wheat straw, (2) Kans (Saccharum spontaneum), (3j sunhemp (Grota- 
laria juncia). The source of phosphate was Tata Basic slag. 

The treatments Were as follows : “ 

(f) Soil alone (control). 

(it) Soil + Wheat straw 

(mj Soil + Wheat straw + Phosphate 

{iv) Soil + Kans 

(y) Soil + Kans + Phosphate 

(yi) Soil + Sunhemp 

(yti) Soil + Sunhemp + Phosphate 
' » 

Design of the experiment 

{a) Randomised block layout 

Number of treatments 7 

Number of replications 6 

Number of plots 42 

[b) Area of the Plot l/60th of an acre (33 ft. 22 ft.) 
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(t;) Rate of the addition of the amendments per den : 

Organic materials 10 tons 

Phosphate as Tata basic slag 50 lbs 

{d) Place — Anapur (Allahabad District). 

(e) Period of decomposition of the amendments in the pi ts : 

From 20th j^pril to 2nd July, 1961. 
if) ^f ploughing during the decomposition ^ 6 

Soil samples were taken before transplanting paddy on 1st Tuiv 
1961. 

Soil samples were taken after the harvesting of the crop on 4th 
October, 1961. 

Date of transplanting paddy 3rd July, 1961. 

Date of harvesting paddy 4th October, 1961. 

After harvesting paddy, wheat was sown in the same field to determine the 
residual effect of the above organic materials and phosphates on the yield of wheal 
grain and straw. 

Canal water was used for irrigation of the paddy and wheat crops. 


TABLE 1 

Chemical composition of energy materials [oven dried) 



Kans 

0 / 

/o 

Wheat 
straw % 

Sunhemp 

% 

Soil 

% 

Loss on ignition 

91-51 

91-08 

89-84 

3-86 

Ash 

8-48 

8-84 

10-16 . . 

96.16 

HGl insoluble 

4-68 

5-38 

5-88 

82-30 

Sesquioxide 

0-8740 

1-43 

0-7246 

11-18 

FejOs 

0-3253 

0-6015 

0-)^46 

4-13 

CaO 

0-7726 

0-7439 

1-20 

0-9871 

PaOs 

0-5283 

0-5432 

0-8277 

0-0787 

K,0 

0-8975 

0-5793 

0-7462 

0-9782 

MgO 

0-6827 

0-1510 

0-4362 

0-5583 

Available PjOj (1% 
citiic acid solution) 




0-0104 

Total carbon 

39-64 

36-70 

22-65 

0-5475 

Total nitrogen 

0-6817 

0-6015 

0-8625 

0-0558 

NH3-N 

- 

- 


0-0048 

NO3-N 

- 

- 


0-0063 

G/N ratio 

58-1 

61-0 

26-2 

10-8 

Tata Basic slag contains 7-5% PjOg. 
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TABLE 2 


Composition of soil before paddy transplantation 


Cowtitutionals 

Soil + Soil 4" wheat 

Soil wheat straw 10 

alone straw tons/acrc + Soil 4* 

(con- 10 ^ 2^6 as Kam 10 

trol) tons/ T.B.S. ( *0 tons/acrc ' 

acre lbs/ a ere) 

Soil -f- 
Kans 10 
tons/acre 
+ 1:205 38 
T.B.S.(50 
Ibs/acrc) 

Soil+ 

•Utt- • '0 

hemp “>“;-cre+ 

T.B.S. (50 
Ibi/acre) 

Ses'quioxidc % 

11-18 

11-21 

11-42 

11-19 

11-35 

11-18 

11-26 

Ironoxide % 

4-13 

4-15 

4-26 

4-14 ' 

4-21 

4-13 

4-19 

Total CaO % 

0-9872 

1-1231 

1-4263 

1-0985 

1-3545 

1-0621 

1-2626 

Total P.Os % 

0-0782 

0-0823 

0-2534 

0-0809 

0-2262 

0-0799 

0-2048 

•Av- P«Os ( 1 % citric 

0-0159 

0-0213 

0-0625 

0-0196 

0-0526 

0-0185 

0-0575 

acid solution) 

Total KjO 

0-9785 

1-0152 

1-1274 

1-0095 

1-0973 

1-0036 

1-0672 

Total MgO 

0-5592 

0-5826 

0-6265 

0-5626 

0-6083 

0-5672 

0-5727 

Total Carbon % 

0-5466 

0-8243 

0-6476 

0-8077 

0-6621 

0-6821 

0-5853 

Total Nitrogen % 

0-0554 

0-0942 

0-1272 

0-0834 

0-1154 

0-0862 

0-1046 

NHg-N % 

0-0046 

0-0135 

0-0157 

0-0126 

0-0148 

OO122 

0-0136 

NOa— N % 

0-0064 

0-0154 

0-0265 

0-0148 

0-0225 

0-0135 

0-0 i96 

G/N ratio 

10-8 

8-7 

5-0 

9-1 

5*7 

7-9 

5-6 

TABLE 3 

Chemical composition of soil after harvesting of paddy crop 


Sesquioxide 

11-15 

11-18 

11-30 

11T7 

11-20 

11-16 

11-18 

Ironoxide % 

S-66 

3-96 

4-05 

3-88 

3-99 

3-72 

3-87 

Total CaO % 

0-9882 

1*0045 

0-2652 

0-9959 

1 1246 

0-9866 

1-1065 

Total P2O5 % 

0-0762 

0 0784 

0-2267 

0-0796 

0-2076 

0-0786 

0-1885 

Av. PoO, ( 1 % citric 

0-0142 

0-0246 

0-0675 

0-0214 

0-0566 

0-0208 

0-0539 

acid solution) % 

Total KaO % 

0-9552 

0-9862 

1-0087 

0-9825 

1-0076 

0-9845 

1-0065 

Total MgO % 

0-5463 

0-5615 

0-5847 

0-5602 

0-5672 

0-5596 

0-5648 

Total carbon % 

0-5436 

0-6842 

0-5865 

0-6687 

0-6056 

0 6078 

0-5606 

Total nitrogen % 

0-0543 

0-0836 

0-1027 

0-0805 

0-0943 

0-0783 

0-0874 

NH3— N 

0-0042 

0-0146 

0-0164 

0-0138 

0*0156 

0-0132 

0-0144 

NO3— N 

0-0058 

0-0167 

0-0272 

0-0158 

0-0233 

0-0146 

0-0206 

G/N ratio 

10-0 

8-1 

5-7 

8-3 

6-8 

8-1 

6*4 
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TABLE 4 

Tield paddy grains in Kgs, 


Treatments 

.1 

2 

3 

Blocks 

4 5 

6 

Total 

Soil alone (control) 

11-50 

12-25 

10-75 

IPOO 

13-00 

10-25 

68-75 

Soil+wheat straw 10 tons/acre 

18-00 

17 '25 

19-50 

16-50 

18-50 

18-25 

108-00 

Soil + wheat straw 10 tons/ 
acre as TJB.S, 

(50 lbs/ acre) 

23-25 

22-75 

23-50 

24-50 

21-50 

23-50 

139-00 

Soil+ Kans 10 tons/acre 

16-75 

15-50 

16-25 

17-75 

15-00 

16-00 

97-25 

Soil -f Kans 10 tons/acre + 
P 2 O 5 as T.B.S. (50 Ibs/acre) 

21-75 

21-25 

22-25 

22-75 

20-50 

21-25 

129-75 

Soil + sunhenap 10 tons/acre 

15-50 

14-75 

16-75 

15-25 

15-75 

16-00 

. 94-00 

Soil + sunhemp 10 tons/acre + 
P^Og as T.B.S. (50 Ibs/acre) 

18-75 

19-1^5 

17-50 

18-50 

19-50 

18-50 112-00 

Total 

125-50 

123-00 

126-50 

126-25 

123-75 

123-75 784-75 


Sources 

of D.F. 
variation 


. TABLE 5 

Analysis of variance for the yidd of paddy grains 


S.S. 


M.S. 


F* F, from table 
Calculated foiT 50 ^^ 


Level 

of 

significance 


Total 41 

567-3111 13-8368 


_ ■ 


Yield is highly 
Significant 

Blocks 5 

1-5611 0-3122 

0-05 

3-70 

2-53 

Treatments 6 

382-4465 63-7410 

10*4 

3-47 

2-42 

Error 30 

183-3035 6-1101 

- 

- 




TABLE 6 


Tiela of Paddy straw in Kgs 


Treatments 

1 

2 

Blocks 

3 4 

5 

^6 

Total 

Soil alone (control) 

so 

29 

28 

25 

29 

27 

168 

Soil 4 - wheat straw (10 tpns/acre) 
Soil 4 wheat straw (10 tons /acre) 

52 

48 

50 

47 

53 

51 

301 

4 as T. B. S. (50 Ibs/acre) 

65 

62 

67 

63 

68 

‘ 64 

389 

Soil 4 Kans (10 tons/acre) 

Soil 4 Kans (10 tons/acre) 4 

45 

47 

48 

46 

44 

■45 

273 

PgOg as T. B. S. (50 Ibs/acre) 

60 

63 

59 

6i 

62 

60 

368 

Soil 4 suiihemp (10 tons/acre) 

Soil 4 sunhemp (10 tons/acre) 4 - 

42 

43 

o9 

40 

44 

42 

250 

P 0 O 5 as T. B. S. (50 Ibs/acre) 

54 

53 

55 

56 

52 

51 

321 

Total 

348 

345 

346 

3a 

352 

340 

2072 
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TABLE 7 

Analysis of variance for the yield of Paddj straw 


Sources of 
variation 

D.F. 

S. S. 

F. 

M. S. Galculatec 

F. from table 

\ 

Level of 
significance 

1% 

5% 

Total 

41 

5705-0 

139-1 



Yield is 

Block 

5 

14-2 

2-84 0-22 

3-70 

2-53 

highly 

Treatments 

6 

5304-0 

884-0 69-0 

3-47 

2-42 

significant 

Error 

30 

30 

386-8 12-8 

— 

— 


— — 










TABLE 8 






Tield of wheat grains in Kgs 







Blocks 



Treatments 


1 2 3 

4 

5 

6 Total 


Soil alone (control) 

Soil + wheat straw (10 tons/acre) 13‘25 

^oil + wheat straw 10 tons/acre 
asT. B. S. (501bs/acre) 

Soil + Kans 10 tons/acre 

Soil + Kans 10 tons/acre + 

• as T. B. S. (50 Ibs/acre) 

Soil + sunhemp 10 tons/acre 

Soil 4- sunhemp 10 tons/acie + 
p^oTas T. B. S. (50 Ibs/acre) 

Total 


19-25 

12-50 

16-25 

11-50 

15-75 

96-75 


10-50 9-25 8-0 10-50 10-0 56-50 

13-25 63-50 13-0 14-20 14-50 82-00 

18-50 20-00 17-50 19-00 17-25 111-50 

13- 00 11-50 14-00 12-25 13-25 76-50 

17-50 15-50 17-25 18-00 16-00 100-50 

11-50 12-75 11-50 10-25 11-50 69*00 

14- 25 15-75 16-00 15-25 15*50 92*50 

98-50 38 25 97-25 99-75 98-00 588-50 


TABLE 9 

Analysis of variance for the yield of wheat grains 


Sources of 
variation 


S. S. 


F. 

F, from table 

Level ot 
significance 

D.F. 

M. uaicuiiitcu 

1% 

5% 

Total 

Block 

' Treatment 
Error 

41 

5 

6 
30 

382-5 

0-8 

353-7 

28-5 

9-3 

0-16 

59-9 

0-9 

0-17 

66-5 

3-70 

3-47 

2*53 

2-42 

Yield is 
highly . 
significant 
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TABLE 10 

Tield of wheat straw in Kgs, 


Treatments 

1 

2 

Blocks 

3 4 5 

6 

Tota] 

Soil alone (control; 

20 

18 

17 21 

19 

20 

115 

Soil + wheat straw 10 tons/acre 

31 

32 

30 33 

32 

33 

191 

Soil + wheat straw 10 tons/acre -f 







Pj|Og as T. B. S. (50 Ibs/acre) 

40 

42 

43 40 

42 

43 

250 

Soil -f Kans 10 tons/acre 

28 

29 

30 32 

30 

31 

180 

Soil + Kans 10 tons/acre + PgOg as 







T. B. S. (50 Ibs/acre; 

37 

^0 

39 38 

39 

38 

231 

Soil + sunhemp 10 tons/acre 

27 

26 

28 29 

25 

25 

160 

Soil 4“ sunhemp 10 tons/acre + 







PgOg as T. B. S. (50 Ibs/acre) 

32 

34 

33 31 

32 

32 

194 

Total 

215 

221 

220 224 

219 

222 

1321 

TABLE 

11 





Analysis of variarwe for the yield of wheal straw 







F from table 



Sources of variation D. F. S. S. 

M. S. 

F 


— 

Level of 



calculated 1 % 

5% 

significance 

Total 41 20?0-4 

49-7 

— 





Block 0 11-4 

2*28 

2*0 

3-70 

2-53 

Yield 

is 

Treatment 6 198v2 

300-7 

3-4-7 

2-42 

- 

highly siemi- 

Error 30 33*8 

M 

— 


-- 

ficant. 



Discussion 

From the preceding results it is evident that by the addition of different 
organic materials like wheat straw, Kans and sunhemp (as green manure) at the 
rate of 10 tons per acre to the field, much ht tter results were obtained than in the 
*contror in which no organic matter was added. A good amount of increase in 
the yield of paddy grain and straw was obtained in the 1st year of application and 
also a good yield of wheat grain and straw was obtained in the succeeding season 
of crop. Moreox er, when phosphate was incorporated with these organic materials 
at the rate of 50 lbs per acre of P^Og as Tata basic slag, still better results were 
obtained than the treatment in which phosphate was not added. The effect of 
dhSerent phosphated organic materials on the yield of paddy grain, paddy straw, 
wheat grain and v^heat straw was in the following decreasing order : ’ 

Phosphated wheat straw > Phosphated Kans > Phosphated sunhemp. 

The same order in the yield of grain and straw was also observed when only 
organic materials were added at the rate of 10 tons per acre to the field. 

It has been noticed in these field trials that there is greater increase in the 
yield of paddy grain, wheat grain, paddy straw and wheat straw when" organic 
materials are incorporated with phosphate than without phosphate. These 
marked difference in the yield of grain and straw may be due to the presence of 
higher amounts of total nitrogen and available nitrogen. It has been obtained 
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from the analysis of the soil after the decomposition and before the transplantatiori 
of paddy that the plots which were treated with organic material^ and phosphate 
contained greater amount of total and available nitrogen and available phosphate 
than the plots which were treated with organic materials only. 

It has been found in several experimental results of Dhar and co-worfers^ 
that a mixture of organic substances like farm yard manure, straw, plant residues 
etc. and calcium phosphate, when incorporated in the soil, can build up soil 
fertility permanently by fixing atmospheric nitrogen and supply available nitrogen, 
phosphate, potash, trace-^elements and humus and thus maintain soil fertility. 

Moreover, many workers have reported a marked beneficial effect of a 
mixture of plant residues and rock phosphate in crop production. Our results also 
prove the same because higher yields of grain and straw of both paddy and wheat 
were obtained in the case of plots which were treated with phosphate and organic 
matter. 

In our field trials, the plots, which have been treated with wheat straw 
alone, as well as with a mixture of wheat straw and phosphate gave out the 
highest yields of grain and straw in both the cases ue.^ of Paddy and wheat. It 
seemi, therefore, that the addition of wheat straw alone, as well as wheat straw 
and phosphate is better than the other treatments* The reason may be due to the 
higher content of lignin in wheat straw than in Kans and sunhemp, because, 
lignin forms stable ligno-proteins and thus the loss of nitrogen is decreped during 
composting. Peevy and Norman^ have observed thp the soil receiving 
resistant materials like lignin had a higher content of nitrogen. We have also found 
in our trials that higher amount of nitrogen was fixed in the following order : 

Phosphated wheat straw > Phosphated Kans > Phosphated simhemp 

The lowest yield next to ‘coritroP was obtained in the sunhemp treated plots; 
sunhemp in green stage contains less carbonaceous materials. It appean, the^- 
fore that a certain amount of lignin is helpful in maintaining and improving the 
nitrogen status of the soil. Gaur^ has found that by the composting of lignm-ricti 
materials like saw dust, and wheat straw, greater conservation of nitrogen was 


observed. 

Similarly in Europe, the value of organic matter in soil fertilhy has been 
emphasisedby Demoloh andPufge^^ working in France for a number ot 
and^ beneficial results were obtained by ploughing in straw. Ccx^ found 
SSomposled mMerials ooulj ta appliaj to lu<d »hh bencfio.al r^a Marf 
as well has carried but some experiments subcessftilly with uncomposted retu 

Dhar« has concluded that organic compounds not only fix atmospheric nUro- 

gen, but they contain and add colloidal substances to the soil, improve the tiltu, 

crumb formation, and water retention capaaty of the soil. 

From rhe foregoing, field trials we come to the conclimion that 

cation of the organic materials along with o^ 

increases the land fertility considerably and increased yields are thereby oo 

*^""!"^har, N: R. Presidential address, 48th Indian Science Congress, 

Roorkee, p. 1 1, 1961. q -r fil • 209 226 1948. 

2. Peevy. W. J. and Norman, A. G. Sotl , 

3. Ga.nl' A. d D.PkU. Thesis, Umversttj of Allahabad, mi. 

4. Cooper . H. R. Mem . Ind. T ea Associaiwn, 6 ; 195^), 

5. Eden,T. Tea Qjiart. ] .Ceylon, iS x n6. _ 2S-A(4) ; 1^- 

6. Dhar, N. R. Presidential Address, Hat. Acad. Set. ina , K 
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Influence of Basic slag, Organic Materials and Algae On 

Soil Fertility 

By 

N. R. DHAR and M- M. VERMA 
Sheila Dhar Institute of Soil Science^ University of Allahabad 

Abstract 

Tata basic slag (powdered) at tbe rate of 50 lbs of P^Og per acre was applied 
along, with Kans {Saccharum spontaneum) at the rate of 10 tons per acre in the 
soil in field trial conducted at Varanasi. Three algae viz*y Anabaena naviculoides, 
Tolypothrix tenuis and Ghlorella vulgaris were also inoculated in the soil 
treatments. 

Application of the Tata basic slag increased the rate of oxidation of organic 
materials and thus helped in the availability of soil nutrients. Paddy crop was 
transplanted after two months application of organic materials and the yield of the 
harvest was also recorded. The recovery and residual nutrient status of the soil 
treatments were tabulated and it has been observed that the residual nutrient 
status of soil increased. 

All kinds of organic matter irrespective of whether applied as farm manure, 
compost, peat, straw, sawdust, dung, leaves or molasses undergo slow oxidation in 
soil aided by light absorption and oxygen of air, forming humus. Humus has an 
iniimrtc relation with fertilizing properties of the soil, Dhar and co workers’- have 
be^n able to prove that organic matter incorporated to the soil undergoes slow 
oxidation in presence of air, liberating energy. This energy is utilised in fixing 
atmospheric nitrogen more in presence of light than in dark. 

Numerous investigators, Lipman and Blair^ have proved that organic matter 
and nitiogen supply of the soil can be maintained only by the use of stable manures 
or green manures. Dhar^ in his presidential address to the National Academy of 
Sciences, India, has emphasized that the direct application of plant materials to 
the fields before composting is more beneficial to the crops, because the energy 
materials like carbohydrates, lignins, fats, etc., when added to the soil, are partially 
oxidised and in this process nitrogen of the air is fixed. The method of direct 
application of plant materials to soil without composting has been adopted in 
farms ol Sweden, England and in Pennsylvania and California, U. S, A. 

Phosphate fertilizers improve the fertility of the soil is an universally 
acclaimed fact. A very extensive research work is being carried on the use of 
phosphates especially basic slags, in land fertility improvement all over the world 
particularly in Europe it is postulated 8^9,10,11,12,13 ^-^at blue green algae 

of the family Nostocacae including members of genera Nostoc, Anabaena, Aulosira 
and Gylindrospermum, can fix the nitrogen of the air. 

In order to throw further light on above facts a field trial was conducted by 
using Kans (Saccharum spontaneum) along with Tata basic slag and bule green 
algae were also inoculated. 
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Iktrthods and Matetiais 

The field trials were carried out at Hathiar (Varanasi) U. P. The land 
1 tpd for these experiments was as uniform as possible and this minimised the 
ff t of soil fertility differences betweenthe plots. Soil samples were collected and 
from different spots upto the depth of 0-9 inches in order to determine 
Uniformity of the soil. The soil was sandy loam (alluvial type). The field 
,c niouffhed chapped Kans (Saccharum spontaneum) and Tata basic slag 
ItwLred) w-cre mixed in some plots in the month of June. The field was k pt 
nkipned with irrigation water till rains started and four ploughings were 
Sore transplanting paddy in order to facilitate the oxidation and decomposition 

of the straw. . j , • .t, -a 

. The inoculation of rice field water by algae was performed during “f Period 

from Tune to August. Before transplanting p^dpeedlmgs (Variety N 22h sod 
[mples were taken out for each plot for analysis. No other fertilizer was added 

during the growing season. 

Kans was applied at the rate of 10 tons per acre. Tata basic slag was 
applied at the rate of 50 lbs. of PjOs per acre. 


Total No, of plots 


= 16 X 3 = 48 

(treatments = 16 and replications 3) 
Size of the plots = l/60th acre U (33' X 22’) 

Paddy Variety grown = N 22 

Randomized block design was followed. 


TABLE 1 

Chemical composition of soil, Kans and Tata basic slag (TBS) in percentage on 

. oven dried basis 


Soil 


Kans 


T. B. S. 


Loss on ignition 
HGl (insoluble) 
Sesquioxides 
FejOg 
Total PjOs 
Total GaO 
Total KjO 
Total MgO 
Total carbon 
Total Nitrogen 
G/N ratio 
Avail, PjOb 
A vail. N 


■ 4-^540 

76-140 

7-820 

3-B56 

04380 

018947 

0-9446 

04372 

0-6013 

0-0578 

10-4 

0'0186 

0'0058 


86-521 

5-380 

0-833 

0-331 

0-408 

0-732 

0-901 

0-632 

39-165 

0-6913 

57-3 


16-00 

15-286 

7-16 

38-79 

0-65 

4-79 



7-5 



Sesolts and Discassion 


TABLE 2 

Composition of soil {perceta) before transplanting paddy seedlings (Average of B plots) 


Treatments 

Total 

C 

Total 

N 

Total 

PjOs 

KjO 

MgO 

CaO 

Avail. 

N 

Avail. 

I’aOs 

Control 

C-5780 

0-0562 

0-1 S25 

0-6283 

0-4350 

0-8766 

0-0048 

0-0169 

Kans 

0-6512 

0-0745 

0-1403 

0-6710 

0-4606 

0-9028 

0-0075 

0*0229 

T.B.S. 

0-5428 

0-0586 

0-1527 

0-6299 

0-4365 

0-8790 

0-0058 

0-0370 

Kans + T.B.S. 

0*6070 

0-0817 

0-1640 

0-6384 

0-4823 

1-0263 

0-0128 

0-0528 


Average yields of paddy grain and straw obtained from different treatments 
arc recorded below. 


TABLE 3 

Treatments 

Average yield of paddy in Kgs. 

Grain yield/ Straw yield/ 
plot plot 

Control 

10-7 

18*5 

Ghlorella 

10-9 

19-0 

Anabaena 

11-4 

19*7 

Toiypotbrix 

11-9 

20-5 

Kans 

15-7 

23-0 

Kans + Ghlorella 

16-0 

28-7 

Kans + Anabaena 

16-6 

30-6 

Kans -f Tolypothrix 

17-1 

31*3 

T.B.S. 

12*8 

22*2 

TJB.S. + Ghlorella 

13-1 

24*1 

T.B*S. -b Anabaena 

13-9 

25-7 

T.jB.S. + Tolypothrix 

14-2 

26-4 

Kans + T,B.S. 

20*0 

37-5 

Kans 4“ T.B.S. -}“ Ghlorella 

20-3 

38-2 

Kans -f T.B.S. + Anabaena 

21-5 

39-0 

Kans + T.BJS. 4 - Tolypothrix 

22-7 

39-3 


(Plot size = l/60th acre) 
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TABLE 4 

Composition of soil [percent) after harvest of paddy crop [Average of 3 plots) 


Treatments 


Total Total Total 
carbon nitrogen P^Og 


Kp MgO GaO 


Avail. Avail 

N P,Og- 


Control 

Chlorella 

Anabaena 

Tolypothrix 

Kans 

Kans 4 Chlorella 
Kans + Anabaena 
Kans + Tolypothrix 
T.B.S. 

T.B.S. + Chlorella 
T.B.S, + Anabaena 
T.B.S. + Tolypothrix 
Kans "i" T.B.S. 

Kans + T.B.S + 
Gholrella 
Kans T.B.S. + 
Anabaena 
Kans 4- T.B.S, + 
Tolypothrix 


0-5665 

0-0534 

0-1297 

0-6206 

0-4307 

0-8656 

00(M6 

0*0143 

0-5668 

0-0534 

0-1295 

0-6204 

0-4305 

0-8653 

0-0037 

0 0141 

0*5666 

0*0535 

0-1295 

0-6205 

0-4305 

0-8655 

0*0038 

0-0142 

0-5667 

0-0535 

0-1296 

0-6204 

0*4306 

0-8654 

0-0038 

0-0141 

0-5463 

0*0647 

0-1355 

0-6467 

0*4444 

0-8692 

0-0049 

0-0240 

0 5466 

0*0647 

0-1352 

0-6465 

0-4442 

0-8690 

0-0051 

0-0237 

0-5464 

0-0649 

0-1353 

0-6464 

0-4443 

0-8689 

0-0052 

0-0238 

0-5465 

0*0650 

0-1354 

0-6465 

0-4442 

0-8690 

0-0052 

0-0239 

0-5180 

0-0554 

0-1368 

0-6i03 

0-4324 

0-8692 

0*0047 

0-0529 

0-5183 

0-0555 

0-1366 

0-6301 

0-4322 

0-8690 

0-0049 

0-0526 

0-5182 

0-0556 

0-1366 

0-6302 

0-4323 

0-8690 

0-0051 

0-0227 

0-5181 

0-0556 

0-1365 

0-6302 

0-4322 

0-8689 

0-0050 

0-0527 

0-4800 

0-0704 

0-1532 

0-6760 

0-5182 

0-9418 

0-0096 

0-0557 

0-4804 

0 0704 

0-1530 

0-6757 

0-5i79 

0-9415 

0-0098 

0 0554 

0-4802 

0-0705 

0-1531 

0-6758 

0-5180 

0-9416 

0-0100 

00555 

0-4801 

0-0706 

0-1530 

0-6759 

0-5181 

0-9415 

o-oioi 

0-0556 


From the foregoing results it is clear that the organic materials when added 
directly produces better yield when incorporated with Tata basic slag. From the 
Table No. 3 the yield of paddy grain (Variety N 22) and straw due to inoculation 
of algae are summarized below : 


Increase of paddy 
grain and straw in kgs 

Due to pre acre over control 


Paddy grain Paddy straw 
(kgs) (kgs) 


1 . 

Chlorella 

12-0 

30*0 

2. 

Anabaena 

42-0 

72*0 

3. 

Tolypothrix 

72-0 

120.0 

4. 

Kans 

300-0 

270-d 

5. 

T.B.S. 

126-0 

222-0 

6. 

Kans 4 T.B.S. 

558-0 

114C-0 

7. 

Kans+T.B.S. 4 Chlorella 

576-0 

1182-0 

8. 

Kans4T.B.S t Anabaena 

648-0 

12; 0-0 

9. 

Kans4T.B.S. 4 Tolypothrix 

720-0 

1248-0 
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Dhar and his associates'^ after csyrrying out a large number of pot and field 
experiments have concluded from their observations that a greater yield of paddy 
and other crops is influenced by applying organic materials and phosphates. 
Watanabe^® of Japan also obtained in the first year about 5% increase with 
inoculation of Tolypothrix tenuis. An examination of data on the soil analysis 
recorded in Table No. 2 and 4 indicate that in all cases there was a decrease of 
carbon and nitrogen of the soils after ihe harvest of the paddy crops. However 
there is slightly more carbon and nitrogen in the inoculated plots than in the non- 
incculated ones. This is due to fixation of atmospheric nitrogen by algae organic 
matter which adds carbonaceous compounds to the soil. 
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•Fixation of Nitrogen in presence of Pure Oxide Surfaces 
by the slow oxidation of energy materials 

By 

N. R. DHAR & SMITA CHOWDHRY 
Sheila Dhar Irstitute of Soil Science^ Allahabad University 

. Large quantities of nitrogen as nitrogenous compounds are removed every, 
year from soil by growing crops and by the action of several groups of soil micro-, 
organisms. The quantities of manure rc turned to the soil are far irom adequate 
to replace this loss and the attempt to replace this loss by artificial fertilisers may 
be adequate to supply the need of the growing plant but not to replenish the losses 
from the soil ; so there must be some mechanism of nitrogen fixation in soil that 
counter balances the above nitrogen depletion. 

The reactions causing nitrogen fixation in soil have been attributed to : 

(1) Certain microorganisms, some of which function non symbiotically while 
others function in symbiosis with plants and 

(2) Certain blue green algae of the family Nostococaceae. 

Though it has been advocated by a large number of workers that the phenov 
menon of nitrogen fixation in soil is essentially a microbiological process^ but 
still the amount of nitrogen fixed under non symbiotic condition is considered to 
be negligible by workers like RusselP, Waksman^ and Miller^. 

Dhar and Goworkers*'' have however shown in a number of publications that 
when different eneigy producing materials like sugars, glycerol, starch, cowdung, 
peat etc. undergo slow oxidation in air in piesence of soil or sand boih under 
sterile and unste.ile conditions, along with carbon oxidation there is appreciable 
fixation of atmosphetic nitiogen wnich is always greater in light than in dark. 

For better study and understanding experiments were carried out using 
chemically pure oxide sui faces like Titania^ Zinc oxide and ferric oxide instead of 
soil or sand mixed with energy materials like glucose and sia ch. In this case the 
systems were simple as they were devoid of the complexities of soil and were also 
initially free of nitrogen. The influence of phosphates on the above sjstem were 
also studied by using dicalcium phosphate. 

Experimental Procedures 

Oven dried and sieved titania was weighed into a number of conical flasks 
(5 gms of titania in each flask). Into eacti of these flasks 200 c. c. of glucose 
solution containing one per cent carbon as glucose were added. Then weighed 
amount of dicalcium phosphate (corresponding to 0*5 % PgOg) was added to half 
the flanks. All these flasks were plugged with cotton wool and exposed to light 
from a 100 watt electric blub for 6-B hours daily. An identical set of flasks was 
next prepared, covered with a thick black cloth to cut off all light and placed 
alongside the exposed flasks. 
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The above method was then repeated using titaina as surface and solutions 
containing 2% carbon as glucose, 1% carbon as starch and 2% carbon as siarch 
respectively. In every case 5 gms of titania were used as surface and 200 c.c. of 
glucose solution or starch suspension was introduced into each flask. 

For the sterile sets the entire above process was repeated then all the flasks 
steriliped for 20-30 minutes at 15 lbs pressure and 110°G before exposing to light. 

The process was next repeated using 5 gms of oven dried and sieved zinc 
oxide and ferric oxide as surface respectively. In every case sterile and unsterile 
sets were prepared and half the exposed and half the covered sets had 0 5 ’o as 
PjOg as dicalcium phosphate. 

The flasks were shaken daily for a few minutes. 

After definite intervals of time the contents of one flask from each sei (sterile, 
unsterile, exposed and covered) was transferred to a pestle, well ground and 
transferred into a 250 c. c. volumetric flask and the volume maae up. An aliquot 
portion was then taken, evaporated on the water bath with a drop of cone nt rated 
sulphuric acid to prevent the escape of any ammonia and analysed for total carbon 
by the method of Robinson Mclean and Williams and for total nitrogen by the 
Kjeldahl method as moditird by Treadwell and Hall. 

At the time of each analysis the'eontents of a sterile flask from each sterile 
set was tested for complete sterility by the following method : the sterile flask was 
opened, samples of the contents were inoculated into a series of sterile microbial 
growth media and after slopes. These were then sealed and incubated for two 
weeks at 37^G. If no growth was detected in any medium or any slope it was 
,taken as an indication of complete absence of microbial contamination of the 
flasks. 

Experimental Results 


TAB^E 1 

5 gms Titania + 1% carbon as glucose Unsterile 


Period of 
exposure 
in days 

Total carbon 
un oxidised 
gm 

Total 

Nitrogen Efficiency 
mgm 

Percentage 

carbon 

oxidation 

G/N 

Ratio 

0 

2-0000 

Light 




30 

1-7438 

14-50 

56-6 

12-61 

120-2 

60 

1-5820 

23-18 

55-5 

20-90 

68-2 

90 

1-4854 

27-’80 

54-2 

25-73 

53-4 

120 

1-4300 

30-02 

52-7 

28-50 

44-3 

0 

• 2-0000 

Dark 




30 

1-8104 

6-92 

40-8 

8-48 

264-5 

60 

1'7196 

11-22 

40-0 

14-02 

153-4 

90 

1-6578 

13-34 

39-0 

17-11 

124-3 

120 

1-5868 

14-81 

37-9 

20-66 

107*2 
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, Table 2 


5 gms Titania + ly^ carbon as glucose + 5% as CaHPOi 2H^0 SteriU 


Period of 
exposure 
in days 

Total carbon 
unoxidised 
gm 

Total 

Nitrogen 

mgm 

EflSciency 

Percentage 

carbon 

oxidation 

C/N 

Ratio 

0 

2*0000 

Light 




30 

1-6792 

22*12 

69-0 

16-07 

75-9 

60 

1-4958 

34*32 

68-1 

25-21 

43-5 

90 

1*3840 

41-26 

67*0 

30*80 

33-5 

120 

1-3090 

45-46 

65*8 

39-55 

28-7 

0 

2-0000 

Dark 




30 

1-7842 

10-10 

46-3 

10-79 

176-6 

60 

1*6608 

13-46 

45-6 

16-96 

123*3 

90 

1-5960 

18-04 

44*7 

20-20 

88*4 

120 

1-5384 

20-17 

43*7 

23-08 

76-3 

0 

TABLE 3 

5 gms Titania + 1% carbon as glucose 

Light 

2*0000 « ^ 


30 

1-8720 

5*38 

45-5 

6-40 

347-9 

60 

1-7958 

9*14 

44.7 

10*21 

196-4 

90 

1*7475 

11-06 

43*2 

12-63 

157-9 

120 

1-7219 

11*96 

43-0 

13-91 

143-9 

0 

2-0000 

Dark 




30 

1-9432 

1-63 

28-7 

2-84 

1192-1 

60 

1-9013 

2-80 

28-5 

4-93 

679-0 

90 

1-8799 

3-36 

28-0 

6-01 

5594- ' 

120 

1-8664 

3-68 

27-5 

6*68 

507*1 


TABLE i . 

5 gms Titania +1% carbon as glucose^-{' 0*5% as CaHPO^ 


Light 


0 

2-0000 

- 

30 

1-8476 

8*26 

60 

1-7539 

lb* 18 

90 

1-7001 

15-76 

120 

1-6658 

17-32 

0 

2-OOCO 


30 

1-9292 

2-42 

60 

l-8b23 

4*02 

90 

1-8523 

4-90 

120 

. 1-8397 

5-24 


54 1 

7-62 

223-6 

53-5 

12-31 

123*0 

52-7 

15-^-0 

107-8 

51-8 

16-71 

96-1 

34-5 

3-04 

797-1 

34-0 

5-89 

468-2 

33-3 

7-36 

378-1 

32-6 

8*01 

351*1 
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TABl£ 5 

Percentage of carbon oxidised after 120 days 


Fitania + 1% carbjn as 
glucose 

Titania f 2% carbon as 
glucose 

Zinc Oxidi + 1% carbon 
as glucose 

Zinc Oxide + 2% carbon 
as glucose 

Ferric Oxide -|- 1% carbon 
as glucose 

Ferric Oxide + 2% carbon 
as glucose 

Titania -f- 1% carbon as 
starch 

Titania + 2% carbon as 
starch 

Zinc Oxide + 1% carbon 
as starch 

Zinc Oxide + 2% carbon 
as starch 

Ferric Oxide -1- 1% carbon 
as starch 

Ferric Oxide -f- 2% carbon 
as starch 


Unsterile Sterile 


Exposed 

Coveied 

Exposed 

Covered 

28-50 

20-66 

13-91 

6 68 

26-22 

17-31 

12-81 

6-05 

23-06 

15-99 

lU-61 

4-80 

21-30 

14-23 

9-50 

4-64 

20-73 

13-93 

9-86 

4-64 

19-44 

12-99 

. . 9-00 

442 

23-23 

15-81 

11-41 

5-08 

21-40 

13-92 

10-61 

5-02 

18-36 

11-98 

8-31 

3-80 

16-41 

1 1-00 

•7-07 

3-23 

15-50 

11-20 

6-91 

3 20 

14-34 

9*25 

5-60 

2-61 


Oiscufrfiioii 

It was observed that when energy materials like glucose and starch were 
mixed with metallic oxides and exposed to air there was a decrease in the carbon 
content of the system with concomitant fixation of nitrogen both under sterile and 
unsterile conditions. The percentage of oxidation of carbon under sterile condi- 
tions both in case of glucose and starch in the exposed sets was found to be a 
little less^than half J:hat in the corresponding exposed sets under unsterile condi- 
tions and the percentage of oxidation of carbon in the covered sets under sterile 
condition? was found to be approximately one third of the carbon oxidation in the 
covered sets under unsterile conditions as is clear from table 5. These results 
brmg out the marked significance of surface and light in oxidation reactions as the 
oxidation of carbon in the sets exposed to light under unsterile conditions is a 
combination of microbial, photochemical, surface and catalytic reactions, while 
that in the corresponding sets under sterile conditions is a total of photochemical, 
surface and catalytic reactions. Similarly the oxidation of carbon in the covered 
sets under unsterile conditions is a combination of microbial surface and catalytic 
reactions while that in the corresponding sterile sets is purely a surface and 
catalytic reaction. 
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As far as the surfaces were concerned regarding tke rate of oxidation oi 
carbon, fixation of atmospheric nitrogen and efficiency i.e. the amount of nitrogen 
fixed in mgms. per gm. of carbon oxidised, the activity was found to be of the 
following order. 

Titania > Zinc Oxide > Ferric oxide. 


both under sterile and unsterile conditions and this difference with the three 
surfaces seems to be due to their power in photosensitization. 

The efficiency of nitrogen fixation was seen to fall off with the lapse of time. 
This gradual decrease in the efficiency may be explained by the fact that even in 
soil the process of nitrogen fixation is always opposed by that of ammonification 
and nitrification by which the proteins and amino acids formed are oxidised in the 
following manner. 

+ 02 +O 2 +O 2 

Proteins ->amino acids ^ammonium compounds --^NO^ 


In this series of reactions the unstable and explosive substance ammonium 
nitrite is formed which readily undergoes decomposition as follows : 

NH 4 NO 2 —- »N 2 + 2 H 2 O + 718 K. cals. 

liberating energy, nitrogen and water. Consequently the efficiency of nitrogen 
fixation f alls off. 

The addition of dicalcium phosphate was observed to increase the efficiency 
of nitrogen fixation and also check the rate of fall in the efficiency of nitrogen 
fixation. This is presumably due to the fact that in presence of dicalcium 
phosphate containing Ga++ ions the more stable compound calcium nitrite is formed 
mstead of ammonium nitrite. Dhar and Ghosh® from a study of the physical proper- 
ties like the depression in freezing point, elevation in boilirg point and electrical 
conductivity measurements, have established the possibility of the fopnation of 
phosphorylated compounds in vitro when phosphoric acid is mixed with amino 
acids, adenine etc. These compounds seem to resist ammonification, nitrification 
and the loss of nitrogen better than proteins and amino acids. Thus, coupled with 
the observation that dicalcium phosphate enhances the oxidation of carbon and a 
part of the nitrogen may be fixed due to the release of the extra energy^ appears to 
be a plausible reason why the efficiency of nitrogen fixation appears higher in the 
phosphated sets. 

The G/N ratio was observed to gradually decrease with the lapse of time 
and this decrease was always greater in light than in dark under both sterile and 
unsterile conditions. Also the G/N ratio was always found to be smaller m the 
sets containing di calcium phosphate as compared to the corresponding sets without 
it. This again shows that phosphates not only increase the efficiency of nitrogen 
fixation but also stabilise the nitrogen fixed. 

In explaining photosynthesis in plants, Dhar’ postulated in 1933 that the 
important photochemical reaction is the decomposition of water by the absorption 
of light according to the following equation : 


HaO + 112 K. cal = H + OH 

The hydrogen atom thus formed reduces the carbonic acid absorbed on t^ 
leaves forming formeldehyde. In recent years this view of the J" 

photosynthesis has been supported by the use of carbomc acid con ainmg p 
carbon. 
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We have to assume that in nitrogen fixation in soils and on pure oxide 
stirfaces, a breaking up of water molecules into atomic hydrogen is the fundamental 
process. 

Thus in explaining nitrogen fixation the best mechanism seems to be the 
photolysis of water into H and OH by the absorption of energy obtained by the 
oxidation of carbohydrates etc. followed by the chemical combination of this 
atomic hydrogen with atmospheric nitrogen leading to the formation of ammonia : 

Ng + 6H = 2NH3 

It seems that the fixed nitrogen in the form of ammonia, or which might 
later change to nitrite and nitrate in presence of light and air, interacts with the 
unoxidised energy materials as well as the intermediate products obtainc d pro- 
ducing amino acids. Moreover in presence of light, the light energy, solar or 
artificial is absorbed by the system and utilised in increasing the fixation of 
nitrogen. 

Thus the results of the experiments carried out show that nitrogen fixation 
is possible with chemically pure metallic oxides as surfaces both unde| sterile 
and unsterile conditions. For nitrogen fixation, it appears that neither soil nor 
bacteria are absolutely necessary, what really seems indispensable is a suitable 
solid surface where water, oxygen, nitrogen and an energy material are properly 
adsorbed and are in intimate contact, so that the slow oxidation of the 
energy material leading to liberation of energy and subsequent nitrogen fixation 
can be possible. 

Summary 

Careful experiments carried on show that marked nitrogen fixation can take 
place when organic substances undergo slow oxidation on chemically pure metallic 
oxides as surfaces both under sterile and unsterile sets of experiments. Our experi- 
ments clearly establish that for fixation of atmospheric nitrogen, neither soil 
nor microorganisms are necessary. What really seems indispensable is a suitable 
solid surface where water, oxygen, nitrogen and an energy material are properly 
adsorbed and are in intimate contact, so that the slow oxidation of the energy 
material leading to liberation of energy and subsequent fixation of nitrogen is 
possible* 

Moreover nitrogen fixation is associated with loss of nitrogen in the elementary 
state due to the formation and decomposition of the unstable explosive substance 
NH^ NO 2 which breaks up as in the equation, 

NH^ == Na + 2HaO + 718 K. cal. 
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Effect of fairly high doses of nitrogenous fertilizers on the 
amount of compost produced during the decomposition 
of incubated Kans, Wheat Straw, Paddy Straw, 
Screened Municipal Rubbish 

By 

N. R. DHAR & R. K. PANDEY 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 


Introduction 


The fundamental principle involved in the composting of organic substances 
having G/N ratio greater than 10 to humus with a C/N of 10 is to supply an 
adequate amount of minerals, e.g., available nitrogen, phosphate, potash, lime, 
iron and air etc. for the growth of micro-organisms which can utilize the energy 
materials present in the composting matter. The raw material to be composed 
has usually a G/N ratio much greater than 10. The micro-organisms are believed 
to destroy the energy material and obtain energy and carbohydrate for building 
up their body materials. The aim of composting is to decrease the amounts of 
carbohydrates and save the nitrogenous substances and obtain a material relative- 
ly richer in nitrogen and poorer in carbon. 

Albrecht^ used 45 lbs of ammonium sulphate, 15 lbs of superphosphate and 
40 lbs of finely ground lime-stone in the composting of straw. He recommended 
150 lbs of this material mixture per ton of straw to be composted. In Rothamsted 
3-5 parts of ammonium sulphate were added for 100 lbs of straw in the Adco 
nrocess It was observed that at first the nitrogen was first assimilated by micro- 
organisms and the dry matter lost to the extent of 20% of the dry weight of the 
..traw The decomposition then slowed down and went on till 50% loss of the 
dry matter. Martin and Wang“ have determined the loss during composting of 
different organic substances. 

Recently Pinck, Allison and Gaddy* added different weights of urea to 12*5 
tons of mature millet residues per acre on loamy sand and obtained the following 

results : 


Nitrogen added 
Ibs/acre 

0 

200 

400 

800 


Gain in carbon 
tons/acre 

1- 25 
1-82 

2 - 20 
2-89 


Gain in nitrogen 
Ibs/acre 

171 

276 

300 

402 


In order to throw further light on the amounts of composts obtained at 
different dos-s of nitrogenous fertilizers, we have carried out a very large number 
?f experiments on the lomposting of Kans wheat straw, Pf 

municipal rubbish using different dose s of ammonium sulphate and urea. Th 
results obteined are recorded in the folio wing tables. 
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Constituents 


TABLE 1 

Analysis of organic materials {oven dried) 

Kans Wheat Paddy Screened Municipal 

straw straw rubbish 


Loss on ignition®/© 

91-5124 

91-1600 

86-7700 

37-82 

Ash % 

8-4876 

8-8400 

13-23 

62-18 

HGl insoluble % 

4-6839 

5-3875 

4*6700 

49-97 

Sesquioxide % 

0-8740 

1-4321 

2-6334 

8-2104 

FcjOs % 

0-3854 

0-6015 

1-1573 

3-9753 

CaO % 

0-7726 

0-7439 

2-6H54 

1-8693 

P*Oe% 

0-5283 

0-5432 

0-3857 

0-8624 

KjO % 

MgO % 

0-8975 

1-5793 

1-5346 

0-7905 

0-6827 

0-1510 

0-1163 

0-3857 

Carbon 

39-6462 

36-700 

31-5100 

19-5200 

Nitrogen 

0-6819 

0-6015 

0-4800 

0-6583 

C/N ratio 

58-1 

61-00 

64-2 

29-6 


Sources of nitrogen Nitrogen % 


Ammonium sulphate 21*1 

Urea 45*7 

TABLE 2 

100 gms Kans -f 40® o moisture Incubation Temp, 36°C 


Period of 
exposure 
in days 

Carbon 

(gms) 

Nitrogen 
Nitrogen ^“^rease 

fgmT i+)°^ 

' decrease 

( - ) (gms) 

Carbon 

oxidised 

(gms) 

Weight 
of com- 
post pro- 
duced 
(gms) 

Percentage 
loss in 
weight 

C/N 

ratio 

0 

39-6462 

0-6817 



100 


58*1 

50 

30-7655 

0-8554 

+0-1737 

8-8807 

91*30 

8*7 

35*9 

100 

25-0960 

0-9557 

+ 0-2740 

14-5502 

85-73 

14-27 

26*2 

150 

20-3781 

0-8945 

-0-0612 

19-2681 

80-96 

19-04 

22-7 




TABLE 

3 






100 gms 

wheat straw + 

40% moisture 



0 

36-7000 

0*6015 

— ♦ 


100 


61'0 

50 

28-7252 

0-7638 

+0-1623 

7-9748 

92-20 

7-80 

37*6 

100 

229417 

0-8657 

+0-2642 

13-7583 

86-51 

13-49 

26-4 

150 

18-3741 

0-8168 

-0-0489 

18-3259 

81*70 

18-30 

22-4 




TABLE 

4 






100 gms 

paddy straw + 

40% moisture 



0 

31-5000 

0-4900 


__ 

ICO 


64-2 

50 

24-1592 

0-6408 

+0-1508 

7-3408 

92-81 

7-19 

37-7 

100 

19-2148 

0-7464 

+0-2564 

12-2852 

87-97 

12-03 

25-7 

150 

14-8261 

0-7007 

-0-0457 

16-6739 

83-59 

16-41 

2M 
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TABLE 5 


100 gms Municipal rubbish + 40% moisture Incubation Temp. 36°C 


Period of 
exposure 
in days 

Carbon 

(gms) 

Nitrogen 

(gms) 

Nitrogen 
increase 
( + ) or 
decrease 
( - ) (gms) 

Carbon 

oxidised 

(gms) 

Weight 

of com- Percentage 
post pro- loss in 

duced weight 

(gms) 

C/N 

ratio 

0 

38-5400 

0-8215 



100 


46-7 

50 

29-4974 

0-9967 

+0-1752 

9-026 

91-14 

8-86 

29-6 

100 

23-5565 

0-0940 

+0-2725 

14-9835 

85-30 

14-70 

21-5 

150 

19-0183 

0-0377 

-0-0563 

19-5217 

80-48 

19*52 

18-2 




TABLE 6 






100 gms 

Kans + \ gm If as Ammonium sulphate 



0 

39-6462 

1-6817 



104-74 


23*5 

50 

28-3878 

1-7449 

+0-1032 

11-2584 

94-19 

10-00 

16*2 

100 

21-2127 

1-5831 

-0-2018 

18-4355 

86*10 

17-5 

13*3 

150 

15-6207 

1-4307 

-0*2142 

24-0255 

80-40 

23*2 

10-9 




TTBLE 7 






100 gms Kans + 1 

gm If as urea 



0 

39-6462 

1-6817 



102-20 


23-5 

50 

28-6055 

1-7864 

+ 0*1047 

11-0407 

9i-26 

10-7 

16-0 

100 

21-3969 

1-5778 

-0-2086 

18-2493 

86-75 

18-1 

13*5 

150 

15-7710 

1-4692 

-0-3172 

23-8752 

78-01 

23-7 

10*7 




TABLE 8 






100 gms wheat 

straw + \ gm If as Ammonium sulphate 



0 

36-7000 

1-6015 

- 


104*74 


22-8 

50 

26-4316 

1-7119 

4 0-1104 

JO-2684 

94-58 

9*8 

15*4 

100 

19-7248 

1-5107 

-0-2012 

16-9752 

87-56 

16*4 

12-3 

150 

14-1216 

1-4027 

-0-3092 

22-5784 

82-47 

21*3 

10-0 




TABLE 9 






100 gms wheat straw \ gm M ai 

■ urea 



0 

26-7000 

1-6015 


- 

102-20 

— 

22-8 

50 

26-6244 

1-7140 

-i 0-1125 

10-0756 

92*23 

9*8 

14-9 

100 

20-2717 

1-5092 

-0-2048 

16-4283 

85-77 

16*2 

13-4 

150 

14-4164 

1*4017 

-0-3123 

22-2836 

79*92 

21*8 

10-2 




TABLE 

10 





100 gms Paddy 

straw gm N as Ammonium sulphate 



0 

31-500 

1-4900 



104-74 

- 

21-1 

50 

22-1736 

1-5963 

+0-1053 

9-3264 

95-52 

8-7 

13*9 

100 

15-9654 

1-4018 

.-0*1945 

15-5346 

89-01 

15*0 

11-3 

150 

10-8765 

1-2970 

-0-2993 

20-6235 

83-82 

19*0 

8-3 
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TABLE 11 


100 gms Paddy straw \ gm N as urea Incubation Temp. 36°C 


Period of 
exposure 
in days 

Carbon 

(gms) 

Nitrogen 

(gms) 

Nitrogen 
increase 
( + ) or 
decrease 
(-) (gms) 

Carbon 

oxidised 

(gms, 

Weight 
of com- 
post pro- 
duced 
(gms) 

Percentage 
. loss in 
weight 

• G/N 
ratio 

0 

31-500 

1-4900 



102-20 


21*1 ^ 

50 

22-3522 

1-5936 

+0-1036 

9-1478 

92-56 

9-4 

14-0 

100 

16-1935 

1-3953 

-0-1983 

15-3065 

86-89 

14-9 

11-6 

150 

11-1518 

1-2909 

-0-3027 

20-3482 

81-85 

19-9 

8-6 




TABLE 

i:^ 





100 gms 

Municipal 

rubbish + 1 gm K as Ammonium sulphate 


0 

19-5200 

1-6583 

— 

— 

104-74 


11-7 

50 

11-2315 

1-5073 

+ 0-1510 

8-2885 

96-45 

8-5 

7*4 

100 

7-3516 

1-4263 

-0-2320 

12-1684 

92-54 

11-7 

5-1 

150 

4-3082 

1-3562 

-0-3021 

15-2118 

89-53 

14-5 

3-1 




Table 

13 





100 gms Municipal rubbish 

+ 1 gm jV 

as urea 



0 

19-5200 

1-6583 

— 

— 

102-20 


11-7 

50 

11-5436 

1-5033 

+0* 1550 

7-9763 

94-22 

7-8 

7-6 

100 

7-7532 

1-4131 

-0*2444 

ll-76o8 

90-4-3 

11-5 

5-4 

150 

4-5486 

l-2i)56 

- 0-3627 

14-9714 

87-23 

14-1 

3-5 




TABLE 

14 





100 

gms Kans 

+ 1*5 gms N 

as Ammonium sulphate 



0 

39-6462 

2-1817 



107*11 


18-9 

50 

29-5219 

2-0734 

-0-1083 

10-1243 

96-88 

9-5 

14-2 

100 

22-4212 

1-8360 

- 0-3457 

17-2246 

89-41- 

16*4 

12-2 

150 

171078 

1-6645 

-U*5172 

22-5384 

8^-06 

22-6 

10-2 




TABLE 15 






100 gms Kans +1*5 gms N as 

urea 



0 

39-6462 

2-1817 



103-30 


18-1 

50 

29-6378 

2-0683 

- 0-1134 

10*0084 

93-18 

9-8 

14-3 

- 100 

22-m9 

1-8303 

-0-3514 

16-8693 

86-08 

15*7 

12*4 

150 

17-4723 

1-6508 

-0-5309 

22-1739 

80-60 

22*1 

10-5 




TABLE 

16 





100 gms wheat straw + 1*5 gms jV* as Ammonium salphate 


0 

36-7000 

2-1015 


— 

107-11 


14-4 

50 

26-9462 

2*0032 

-0-0983 

9-7538 

97-27 

9-1 

13-4 

100 

21-2704 

1-7963 

- 0-3052 

15-4295 

91-38 

14-5 

11-8 

150 

15-2792 

1-6057 

- 0-4958 

21*4208 

86-20 

19-5 

9-5 





TAfiLfe 

loO gvis wheat straw + 1-5 gms JV a.' urea Incubation temp. 


Piferiod of 

exposu: e 
in days 

Carbon 

(gms, 

Nitrogen 

’.gms) 

Nitrogen 
inc easi 
( -1- ) or 
decrease 
( - ) (gms) 

Carbon 

oxidised 

(gms) 

Weight 

of Com Percentage 
post pro- loss in 

duced weight 

(gms) 

ratio 

0 

3G*7000 

2*1015 


- 

103-00 



17*4 

50 

27-2716 

1-9984 

0*1031 

9-4283 

93-77 

9-2 

13-6 

- 100 

21-6608 

1-7893 

- 0‘3122 

15-039> 

87-96 

14-8 

12*1 

150 

15 6582 

1-5987 

0*5028 

21-0418 

87-76 

20-8 

9*8 




TABLE 18 





100 grns Paddy straw + 1’5 gms jV as Ammonium sulphate 



0 

:V,-5K)0 

1 9900 

- 

- 

107-11 


15-8 

50 

23-2504 

1-8832 

-0-1068 

8-2438 

98-98 

7-6 

12-3 

100 

17-0261 

1*78-26 

- 0-2506 

14-4739 

92-39 

13-7 

9*5 

150 

12-1737 

1-6490 

- 0-3842 

19-3263 

87-40 

18-4 

7-3 




TABLE 19 






100 gms Paddy straw + 1-5 gms JV 

as urea 



0 

31*5000 

1-9900 

- 

- 

103-30 


15-8 

50 

23-4848 

1-8264 

-0-1636 

8-0125 

95-32 

7-7 - 

12-8 

100 

17*3658 

1*7651 

-0 2614 

14-1342 

88*92 

13*9 

9-8 

150 

13-6525 

1-5908 

- 0-3992 

18-8475 

84*05 

18-6 

8*7 




TABLE 20 





100 gms Municipal 

rubbish + 1*5 gms N as Ammonium sulphate 


0 

19-5200 

2-1583 

~ 

- 

107-11 

- 

9*0 

50 

12-5314 

1-9034 

-0-2549 

6-9886 

100-12 

6-5 

6-5 

100 

8*3462 

1-7508 

- 0-4075 

11*1738 

95*94 

10*4 

4*7 

150 

5-6382 

1-6014 

- 0-5569 

13-8818 

93-23 

12*9 

3-5 




TABLE 21 






100 gms Municipal rubbish + M as urea 



0 

19*5200 

2*1583 

- 

- 

103-30 


9-0 

50 

12-6608 

1-9002 

-0-2581 

6-8592 

96-44 

6*6 

6-6 

100 

8*5262 

1 -7463 

-0-4110 

10-9938 

92-31 

10 6 

4*8 

150 

5-8204 

1-5983 

- 0-5600 

13-6996 

89-60 

13*2 

3 0 


Experimental 

100 gms of each materinl, powdered, sieved and dried at 105^0 for 5 to 6 
hours, were takeix iu |;ilass bottles, To some of these bottles, different nitrogenous 
fertilizeis containing one gram of nitrogen were added while to the other bottles 
1*5 gms, of nitrogen from different sources were added. 

After a definite interval of time, composts were weighed and samples were 
taken out for analysis* 



fiiscassioil 

In these experiinents on composting lasting for 15 days the maximum loss iii 
weight was 23*7 with 100 gms Kans to which one gram of nitrogen was added 
as ammonium sulphate, with 1 gram of nitrogen as urea the loss is 22*2'%. While 
using 1*5 gms of nitrogen. The loss with ammonium sulphate is 22*3% and with 
urea 22T % against a loss of 19'04% without any nitrogenous fertilizer. 

With wheat straw at the rate of 1 gram nitrogen, the loss with ammonium 
sulphate is 21*3% and with urea 2T8% with T5 gm? of nitrogen and wheat straw 
the losses are 19*5% with ammonium sulphate and 20*8% with urea. 

More or less similar results have been obtained with the organic substances, 
showing a slight decrease in the loss with a higher dose of other nitrogenous 
fertilizers. But, the loss of solid matter without adding nitrogenous fertilizer is 
always smaller than in the presence of nitrogenous fertilizers. The carbon 
nitrogen ratios show that these values are smaller in the presence of nitrogenous 
fertilizers. 

Moreover, the total nitrogen estimations prove that without nitrogenous 
fertilizers there is appreciable nitrogen fixation in the composting of plant 
materials, but, in the presence of nitrogenous fertilizers, there is marked loss of 
nitrogen in the system. The results obtained by American workers show that 
there is gain in nitrogen in the composting of millet residues without the addition 
of urea. But, when heavy doses of nitrogen in the form of urea are added, the 
greater part of the added nitrogen is lost. Hence, it appears that adding large 
doses of nitrogenous fertilizers involves heavy loss of nitrogen added and the 
amount of compost obtained is smaller than the compost obtained in the absence 
of nitrogenous fertilizers. But, the percentage of nitrogen present in the compost 
obtained by adding nitrogenous fertilizers in organic matter, is greater than in 
the absence of nitrogenous fertilizer and the nitrogenated compost should be able 
to produce better crops. 

Investigators in Newzealand found that the most rapid composting was 
achieved with a G/N ratio of about 26, Moreover, their nitrogen losses, when 
composting the materials with initial G/N ratios of 22 to 29, were around 50 Xj. 
Scott reported nitrogen losses up to 60 Yo in some of hts experiments. Nitrogen 
losses of around 50% were observed in the University of Oalifornia. Waksman 
found that in manure composts, the nitrogen was conserved only when the G/N 
ratio was adequate and when immediate decomposition set in. Russell^ has 
reported a loss of 51% nitrogen at 35®G when straw is composted for 64 days with 
ammonium carbonate. Bould^ observed losses of nitrogen from 28 to 43% in 
composting. 

The loss of nitrogen from composts is usually associated with the total 
nitrogen content of the materials to be composted and with the temperature rise 
of the system in composting. The higher the nitrogen content of the system and 
higher the temperature attained by the system, the greater the loss of nitrogen. 
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Influence of light and phosphates on Carbon-Nitrogen 
changes and mineralization of Nitrogen during 
the decomposition of Municipal Rubbish 

' N. R. DHAR & R. K. PANDEY 

Sheila Dhar Institute of Soil Science, University of Allahabad 

fntroduction 

There is an intiniate relationship between sanitation and Agriculture in ail 
parts ol the world. In agricultural areas the utilization of human and animal 
wastes is of great importance from both the public health and the agricultural 
point of view. 

The disposal and utilization of city wastes is also becoming very important 
in highly industrialized areas because of [a] the ever increasing difficulties in 
disposing of great accumulations of wastes from cities in a sanitary and orderly 
manner, {b) the ever increasing threat to soil fertility due to the great decrease in 
the amount o{ animal manure ; and (c) the ever increasing and intensive demands 
being put on, the agricultural lands to produce more food. 

Approximately one fourth of the food and fibre produced in the world is 
wasted as municipal garbage and waste. Taking the world production of food 
and fibre at 1800 million tons, the municipal waste and garbage comes to 450 
million tons containing not less than 9 to 10 million tons of nitrogen. Moreover, 
the garbage and waste contains valuable amounts of potash, phosphate, trace 
elements and carbonaceous compounds which, under favourable conditions, can 
fix atmospheric nitrogen, specially when phosphated with basic slag or rock 
phosphate. It appears, therefore, that this waste, if properly preserved and 
handled, and managed for nitrogen fixation, can supply 15 to 18 million tons of 
nitrogen,"? to 8 million tons of phosphate and about 15 to 20 million tons of potash. 

Because of the increasing world population all lands have to produce more 
and more food. World research has definitely demonstrated that this demand on 
increased food production cannot be met by artificial fertilizers, which in long run, 
decrease the humus capital of land. Hence, countries like Holland, Belgium 
and Germany, which are densely populated are producing large amounts of 
compost and other organic humus producing materials. On the other hand, in 
countries like China, India and other eastern parts of the world, where there^ is 
still greater population pressure and food demands and small amounts of artificial 
fertilizers are used, this humus supply must increase enormously and all organic 
matter should be converted into phosphated humus. 

Hence, in view of the importance of municipal waste in building up the land 
fertility permanently and in increasing the food production, the present experiments 
were undertaken to determine the effect of rock phosphate, superphosphate an® 
basic (Thomas) Slag on the nitrogen transformations in decomposing waste. 
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jSkperimentai 

Under ihe action of solar light 

20 Kilograms of municipal waste were taken in each box of Jamun (Jambu 
wood of smooth surface which is little affected by water. The joints at the comers 
and bottom of the boxes were cemented with plaster of Paris. The ratio of length - 
breadth and depth was practically the same as advocated by Howard and \ ad 
( 1933) in their composting experiments. 

The dimension of the boxes was 30' X IS'^ X 6^^. Superphosphate basic 
slag, and rock phosphate were added at the rate of 0*5% P^Og. The mass was 
stirred thrice in a week and 40^.^ moisture was maintained throughout the period 
of experiment. One set was exposed to sunlight, while the other was kept in the 
laboratory. ^ 

After a definite period of time, the whole of the material of each box was 
weighed and then a known weight of the samples was taken out for analysis. The 
samples were powdered and passed through a 60 mesh sieve and analysed oii oven 
dry basis. ^ 


TABLE 1 

Analysis of Adunicipal Rubbish used in boxes {ovendtied) 


Loss on ignition % 

35-73 

Ash % 

64-27 

HCl insoluble (Silica) % 

52-38 

Sesquioxide % 

7-83 

% 

3-52 

CaO % 

1-7426 

^2^5 % 

0-8196 

K,0 o/o 

0-7305 

MgO 

0-3213 

Carbon % 

15-3 

Nitrogen % 

0-6204 

NH 3 -N % 

0-0132 

NO3-.N % 

0-0203 

Percentage of available N/TotalN 

5-4 

Available PjOs % 

0-1263 

pH (I :5) 

8-2 

Conductivity x 10-» mhus/cm 

1-6 

G/N ratio 

24i6 


: umji 



TABLE 2 

20 Kgs, Municipal rubbish + 40 % Moisture {control) Av, Temp, 


Period of 
exposure 
in days 


Total 

carbon 

(gms) 


Total 

nitrogen 

(gms> 


NH3---N NO3— N 
(gm) (gm) 


Total Nitrogen 
avail- increase 
able N/ (-{-) or 
total N decrease 

% (-)(gms) 


Avail- 

able 

7o 


C/N 

ratio 


Sunlight 


0 

3060*0 

124-08 

2*6400 

4*0600 

5-4 


0 - 12-63 24*6 

45 

2463-3 

152-37 

5 6214 

7-4824 

8-6 

+ 28-29 

0-1475 

16*1 

90 

1852-9 

208-79 

10-2416 

16-0750 

12-5 

+ 84*71 

0-1654 

8-8 

120 

1609-6 

193-39 

8-4352 12 2245 

Under shade 

15-2 

- 15*4 

0-1839 

8-3 

0 

3060-0 

124-08 

2-6400 

4*0600 

5-4 

— 

0-1263 

24*6 

45 

2542-9 

145-65 

4-3752 

6-2572 

7-3 

+ 21-59 

0-1337 

17-5 

90 

sr 0-6 

179-88 

7-8422 

11-4050 

10-7 

+ 55-80 

0*1525 

11-7 

120 

1799*3 

165-99 

6-2475 

9-5216 

9-5 

- 13-89 

0-1635 

10-8 


Table 3 

20 Kgs. Municipal rubbish + 0 ‘ 5 % as TJi.P. + ^^nwisture 


Sunlight 


0 

3060-0 

124-08 

2-6400 

4-0600 

5-4 

- 

0-1263 

24-6 

45 

2252-0 

170-24 

7-9824 

10-0630 

10-6 

+ 46-16 

0-2145 

13*2 

90 

1661-0 

248-65 

16*5827 

24-2959 

16*4 + 124-57 

0-2692 

6-6 

120 

1306-0 

222-55 

12-5436 19-2810 

Under shade 

14*3 

- 26-10 

0-2783 

5‘8 

0 

3060-0 

124-08 

2-6400 

4-0600 

5-4 

- 

0-1263 

24-6 

45 

2310*0 

160-44 

6-3821 

8-3784 

9-2 

+ 36-36 

0-1752 

14-3 

* -90 

1909*0 

201-51 

10-2490 

15-7553 

13-4 

+ 77-43 

0-2096 

9*4 

- 120 

1545-0 

184-38 

8-5724 

13-5532 

12*0 

- 17-13 

0-2372 

8'3 


0 

45 

90 

120 


0 

45 

90 

120 


TABLE 4 

20 Kgs Municipal rubbish + 0 - 5 % as T.B.S. + 40 % moisture 


3060*0 

2148*0 

1539-0 

1239-0 


3060-0 

2283-0 

1857-0 

1487-0 


Sunlight 


124-08 

2-6100 

4*0600 

173-96 

8-4705 

13-4224 

255-11 

18-5084 

31-4933 

223*72 

14-5463 

23-9335 


Undershade 

124-08 

2 - 64 ro 

4-0600 

162-17 

6-0634 

9-8093 

204 25 

11-0842 

18 - 12‘'6 

184-64 

9-5824 

15-1594 


5-4 


0-1263 

24-6 

22-7 

+ 49-88 

0-2564 

12-3 

19*6 

+ 131-03 

0 2829 

6-0 

17-2 

- 31-39 

0-3012 

5-5 

5-4 


0-1263 

24-6 

9-8 

+ 38-09 

0*1903 

14-0 

14*3 

+ 80-17 

0-2278 

9-9 

13-4 

- 19-61 

0-2624 

8-0 



TABLE 5 


Av. Temp, 38°C 

20 Kgs Municipal rubbish 4- 0*5®/o as K,B,S. + 40% moisture 


Period of 
exposure 
in days 

Total 

carbon 

(gms) 

Total 

nitrogen 

(gms) 

NHs— N 
(gm) 

NO 3 — N 
(gm) 

Total Nitrogen 
avail- increase i , 
ableN/ (+)or 
total N decrease ^ ® 
% (-) (gms) -“ 

G/N 

ratio 




Sunlight 





0 

3060-0 

124-08 

2-6400 

4-0600 

5-4 

— 

0-1263 

24-6 

45 

2178-0 

172-10 

8-2403 

11-5512 

11-5 

+48-02 

0-2438 

12-6 

90 

1578-0 

252-18 

16-7284 

27-2029 

18-2 

+ 128-29 

0-2785 

6-2 

120 

1291-0 

222-85 

13-0837 

23-2408 

16-3 

- 29-53 

0-2972 

5-7 




Undershade 





0 

3060-0 

124-08 

2-6400 

4-0600 

5-4 

— 

0*1263 

24-6 

45 

2434-0 

160-69 

5-6708 

9-0667 

9-2 

+ 36-11 

0-1903 

15-1 

9C 

1829-0 

201-76 

10-5406 

16-8988 

13-6 

+ 77-68 

0-2368 

9-0 

120 

1521-0 

184*92 

9-0437 

14-4411 

12-7 

- 16-84 

0-2564 

8-2 




table 6 





20 

Kgs Municipal rubbish 

+ 0-5% as A. R.P. (C) 

+ 40% moisture 





Sunlight 





0 

3060-0 

124-08 

2-6400 

4-0600 

5-4 


0-1263 

24-6 

45 

2224-0 

171-36 

7-0584 

12-2053 

11-3 

+ 47-28 

0-2197 

12-9 

90 

1637-0 

249-16 

15-8273 

28-5232 

17-8 

+ 125-08 

0:2718 

. 6-5 

120 

1296-0 

222-74 

12-7478 

22-5541 

15-4 

-26-42 

0-2814 

5-8 




Undershade 





0 

3060 0 

124-08 

2-6400 

4-0600 

5-4 


0-1263 

24-6 

.45 

2305-0 

163-32 

6-1342 

£-5646 

9-0 

+ 39-24 

0-1824 

14-1 

90 

1878-0 

202-15 

10-2759 

15-4079 

13-2 

+78-07 

0-2153 

9-2 

120 

1534-0 

183-42 

8-4372 

13-5732 

12-0 

- 19-73 

0-2437 

£-3 




table 7 





20 Kgs Municipal rubbish + 0*5% ^s B.B.S, + 40% moisture 





Sunlight 





0 

3060-0 

124-08 

2-6400 

4-0600 

5-4 

— 

0-1263 

24-6 

45 

2140-0 

175-72 

9-3257 

13-8693 

13-2 

+51-64 

0-2608 

12-1 

90 

1530-0 

259-90 

20-3798 

34-7192 

21-2 

+ 135-82 

0*2894 

5-8 

120 

1233-0 

227-57 

15*4142 

2t-6863 

18-5 

- 32-33 

0-3173 

5-4 




Undershade 





0 

3060-0 

124-08 

2-6400 

4-0600 

5-4 


0-1763 

24-6 

45 

2276-0 

163-57 

6-5237 

10-4776 

10-4 

39-49 

0-2004 

13-9 

90 

1850-0 

205-62 

12-4628 

18-1774 

14-9 

+ 81-54 

0-2417 

8-9 

120 

1478-0 

185-35 

10-1874 

15-0202 

13-6 

- 20-27 

0-2683 

7-9 


1 .5.00 I 



TABLE 8 


Av^ Temp, 38®C 


20 Kgs Municipal rubbish + 0*5% ^ superphosphate + 40% moisture 


Period of 
exposure 
in days 

Total 

carbon 

(gms) 

Total Nitrogen 

Total TJH Tvr NO Tsr “crease 

nitrogen ableN/ {+) or 

(gms) ^ total N decrease 

% ( - ) (gms) 

Avail* 

able 

% 

G/N 

tatio 




Sunlight 





0 

3060-0 

124-08 

2-6400 

4-0600 

5*4 


0-1263 

24-6 

45 

2240-0 

170-74 

7-0439 

11-3960 

10-8 

+ 44-66 

0-2564 

13-1 

90 

1612-0 

249-15 

16-4326 

27-1787 

17-5 +125-07 

0-2893 

6-4 

120 

1340-0 

221-50 

12-3284 

18-0171 

13-7 

-27-65 

0-2957 

6-0 




Undershade 





0 

3060-0 

124-08 

2-6400 

4-0600 

5*4 


0-1263 

24*6 

45 

2h50-0 

157-95 

5-1246 

8-1432 

8*4 

+ 33-87 

0-2337 

14-8 - 

90 

185B-0 

200-39 

8*9683 

16-1816 

12-8 

+76-31 

0--2578 

9-2 

120 

1576-0 

182-15 

7-4326 

12-6039 

11-0 

- 18-24 

0-2718 

8-6 . 




TABLE 9 






20 Kgs Municipal rubbish + 0*5% P 2O5 as + 

40% moisture 





Sunlight 





0 

3060*0 

124-08 

2-6400 

4*0600 

5*4 


0-1263 

24-6 

45 

2310*0 

169-12 

7-2652 

10-2233 

10-4 

+45-04 

0-2309 

13-6 

90 

1692*0 

246-30 

14-3754 

24-0494 

15-6 

+ 122-22 

0-2654 

6-8 

120 

1420-0 

, 220-50 

12-3475 

17-1995 

13*4 

-25-80 

0-2873 

6-4 




Undershade 





0 

3060*0 

124 08 

2-6400 

4-0600 

5*4 


0*1263 

24-6 

45 

2442*0 

151-95 

5-0752 

7-8406 

8-5 

+27-87 

0-1827 

16-0 

90 

1949*0 

196-67 

8-7246 

14-8591 

12-5 

+72-59 

0-2214 

9-9 

Zf\J 

120 

1737-0 

178-96 

7-4653 

13-3818 

11-7 

-17-71 

0-2384 

9-7 


Biscassion 

A perusal of the fort going results reveals that there is a considerable oxida- 
tion of cLbonaceous compounds in municipal rubbish and also an increa^ m the 
Srogen content of the system, when it is allowed to undergo oxidation in air at 
ordinary temperature. But, when the system is illuminated by artificial or solar 
iSt the velocity of the oxidation of the carbonaceous compounds is grmly 
eSanced. MorLver, when phosphates were incorporated mth municipal rubbish 
in orSnce of light, thevt wr.s gi eater oxidation of the carbonaceous compounds. 

oiSatlon Jh different phnrphat« r,a, ilfe.nt wk» Ur. 
dose of the phosphate was the same. They are as follows (vide Table 2-9). 
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Amount of carbon oxidation in boxes 
Original Carbon content of the system 3060*0 gms 


Treatments 


Oxidation of carbon (gms 





Days 

Light 

Dark 

: .(«•) 

Municipal Rubbish alone 

90 

1207-7 

939-4 

(U) 

do 

+ Trichinopoly rock 
phosphate 

90 

1399-0 

1151-0 

(Hi) 

do 

+ Tata basic slag 

90 

1521-0 

1203-0 

(iv) 

do 

+ Kulti Basic slag 

90 

1482-0 

1231-0 

(») 

do 

+ Algerian rock 
phosphate “G’’ 

90 

1423-0 

1182-0 

{vi} 

{vii) 

{viii) 

do 

+ Belgian basic slag 

90 

.1530-0 

1210-0 

do 

-f Superphosphate 

90 

1448-0 

1202-0 

do 

+ Bihar rock phosphate 

90 

1368-0 

1 11-0 


From the foregoing results it is clear that the oxidation of carbon of the system 
to which phosphate was added and which was exposed to light, is always higher 
than that of the covered one. 


It is also observed that there is an increase of the nitrogen in the system, but 
the fixation of the nitrogen is greatly enhanced when incorporated with phosphate 
and is exposed to the light as is evident from the following results (vide table 2-9). 


Gain in nitrogen 

Original nitrogen 1224T gms 


(i) 

[it] 

(ill) 

' (^) 
(vi) 

\vii} 

(mi) 


Treatments 


Municipal rubbish alone 


do 

■+■ T. R. P. 

do 

-t T. B. B. 

do 

+ K. B. S. 

do 

4- A, R. P. “C-’ 

do 

-f- B. B. S* 

do 

-f- Superphosphate 

do 

d- B. R. P. 


Gain in nitrogen (gm) 


Days Light Dark 


90 

84-71 

55-80 

90 

124-57 

77'43 

90 

I3i-U3 

80-17 

90 

128-29 

77-68 

90 

125 -uS 

78-07 

90 

135-82 

81-54 

90 

125-07 

76-31 

90 

122-22 

72-59 


It is clear from the above results that during the decomposition and partial 
oxidation of municipal rubbish in boxes, there is an appreciable amount of nitrogen 
fixation. The gain in nitiogen on composting with phosphate has been significant. 

The increase ol nitrogen during the decomposition and oxidation has been 
reported by a number of workers. Gotaas and co workers^ reported nitrogen 
fixation in the composting of refuse having a C/N rat o lower than 30. Gaur^ 
and Gulab Singh^ have reported appre ciable nitrog( n fixation in the composting 
of carbonaceous compounds. Acharya and coworkeis^ have found that addition 
pf earth in decomposing refuse helps in the conservation and fixation of nitrogen, 
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Kloreover, throughout our experiments on the decomposition of municipal 
rubbish we have observed that the availability ot phosphate has greatly increased 
during the period of composting as is clear from the following results. 


Available P 2 O 5 

Original available P 2 O 5 0*1263®o 


Treatments 


Days 


Available TgO/Zo 

Light Dark 


1. Municipal rubbish alone 


2 . 

do 

+ T. R. P. 

3. 

do 

+ T. B. S. 

4. 

do 

4- K. B. S. 

5. 

do 

4 A.R. P. 

6 . 

do 

4 B. B. S. 

7, 

do 

4 S. P. 

8 . 

do 

4 B. R. P. 


120 

0-1839 

0-1635 

120 

0-2783 

0-2372 

120 

0-3012 

0-2624 

120 

0-2972 

0-2564 

120 

0-2814 

0-2437 

120 

0-3173 

0-2683- 

120 

0-2957 

0-5718 

120 

0-2873 

0-2364 


j nf is due to the fact that the tricalcium 

This nresent in^rock phosphates and basic slags, is converted into 

phosphate, which IS p , ^ 3 s dicalcium and monocalcium phosphate 

soluble produced during the Wation 


results 


f‘\ no ivn 4 - CO« + H«0 = 2 CaHP 04 + CaCOg 
(K) C?,(PO.)', + 200, + 2H,0 . Oa(HPO.), + 20aCO, 


The following ob»=rv=Ldon of Dhar* is of great InMe.t « dtis connecti» : 

1 • j j* /'nn<;tant of phosphoric acid is smaller than the first 

“The third dissociation co^t ot pnoj.^ 

and second into dicalcium phosphate which is always more 

converts tricalcium te Thus the availability of phosphate is increased 

soluble than tricalcium phosphate, i nus i oxidation of organic substances 

in the soil rich in carbonic ac^^^^ from am^nification and 

similarly nitrous and ^ jnore readily available. Thus phosphates 

like &nnyarf manore, straw. 

etc. undergoing slow oxidation”. , f it^ogen has also been observed 
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Available mtrogeh 

Original available nitrogen over total nitrogen 5*4% 




Treatments 

Available nitrogen over total nitrogen% 
Days Light Dark 

1. 

Municipal rubbish alone 

90 

12-5 

10*7 

2. 

do 

-t- T. R. P. 

90 

16-4 

13-4 

3. 

do 

+ T. B. S. 

90 

19-6 

14*3 

4. 

do 

+ K. B. S. 

90 

18-2 

13*6 

5. 

do 

+ A. R. P. “G” 

90 

17-8 

13*2 

6. 

do 

+ B. B. S. 

90 

21-2 

14*9 

7. 

do 

+ S. P. 

90 

17-5 

12-8 

8. 

do 

+ B. R. P. 

90 

15-6 

12*5 


The above experimental results prove that the availability of nitrogen is 
always higher in the phosphated and the exposed system than in the covered ones. 


In our composting experiments it is observed that after certain interval of 
time, there is loss of nitrogen. The reason for this loss can be explained on the 
basis of ammonium nitrite formed during the nitrification and nitrous compounds 
or proteins present in the system. Ammonium nitrite is a very unstable substance 
and gets decomposed as nitrogen gas. 

We have also determined the pH and conductivity of the system after 
definite intervals of time. Upto a certain time the pH of the exposed composts 
is lower than that of the covered ones or kept under shade but, as soon as the 
breakdown ol acids and mineralization begins, the exposed experiment showed 
the pH values more on the alkaline side than the covered ones. In the beginning 
-the conductivity of the exposed set is much greater than that of covered set, but 
later on, this difference in the conductivity decreased. ^ ^ 

From these experiments we conclude that phosphates are useful in acelerat- 
ing the fixation of atmospheric nitrogen and are also helpful in the mineralization 
of the nitrogenous compounds. 
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Studies on the effect of phosphates and Kanis on nitrogen 
loss during the decomj^osition and nitrification 
of oil cakes 

N. R. DHAR & R. K. PANDEY 

Sheila Dhar Institute of Soil Science, University of Allahabad, Allahabad 
Introduction 

ySnimal and plant materials like blood, fish, bonemeal, tankage wool residue 
meat residue, guano, human extreta, oil cakes, boot, garbage etc., have been used 
as manure from ancient times. But, the chemical changi s involved in their actrm 
have be n cleared up only in recent years. When they are mixed with soil the 
oxidation of organic compounds takes place with liberation of carbon dioxide and 
ammonia, which in turn is further oxidised to nitrite and nitrate. But, a good 
deal of fertilizing value is wasted away as nitrogen gas escapes widiout any 
benefit either to the crop on the soil. 

Researches of Lipman and Blair^ Russell and Richards* and Shutt* as well 
as others show that nitrogen in the gaseous state is lost from soils when the con- 
ditions are favourable for oxidation. The losses of nitrogen in the process may 
be double than that of the amount of nitrogen taken up by plants grown on 
the same soil. Nearly 10% of the added nitrogen is said to be lost when wheat 
plots in Rothamsted have annually received 14 tons of farm yard manure contain- 
ing 200 lbs of nitrogen per acre. 

Russell^ has stated this problem of the loss of nitrogen in the following 
words : ^ ‘There is considerable difficulty in accounting for the nitrogen lost from 

the soil during the first 20-30 years of cultivation. It has, therefore, been 
supposed that nitrogen is evolved during the oxidation and, as all attempts to 
break nitrogen from NOj in these conditions have failed, it is assumed to come 
from the organic matter. This assumption evolved the difficulty that no loss has 
been observed in the straight forward bacterial oxidation of organic substances 
Such as albumin, asparagin or mixtures such as urine or faeces. Yet, somehow 
and somewhere gaseous nitrogen must be evolved to balance the considerable 
amount of fixation that is known to take place”. Barrit^ thought that nitrogen 
may be lost as a result of chemical reaction between t i trite and amines under acid 
conditions according to the following equation : 

RNHa + HNO, = KOH + + H^O 

Several years ago Dhar, Tandon and Mukherji® showed that the loss of nitrogen 
on exposing ammonium salt solutions to light and air is always greater in light 
than in the dark and they have also made a systematic study of the process of 
ammon fication and nitrification. They observed that bacterial theory of nitri- 
fication has been o er- emphasised. They have reported that ammonification or 
nitrification can be a photo- chemical phenomenon. 

The loss of nitrogen in composting is usually associated with the total 
nitrogen content of the materials to be composted and the temperature, aoration 
and light absorption. 
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We have studied systematicaliy the loss of nitrogen from oil cakes in their 
nitrification. Moreover, we have tried to investigate the effect of the organic 
matter KANS - reinforced with different phosphates in checking the loss oi 
nitrogen during the decomposition of oil cakes. 

Experimental • , ^ * 

50 gms oT powdered oi] ^ hakes dried at I 0^°G and passed through a 60 me,h 
sieve were taken in wide mouthed bottles of equal size and phosphate was added 
to the extent of 0*5% 50 gms of well dried, 60 mesh sieved KANS wa* 

mixed well with 50 gms of oil cakes. One set was exposed to the light of a 100 W: 
electric bulb. Another set was kept covered with a thick piece of black cloth to 
exclude the light. Moisture level was maintained at 40 ’4 and stirred thrice in i 
fortnight' At certain intervals of time sampks were taken and analysed for total 
carbon, total nitrogen, ammoniacal nitrogen and nitric nitrogen, 

. TABLE 1 


Analysis of oil cakes {over dried) and Kans 




Neem cake 

Ground nut 

Castor cake 

Kans 


(Azadirachta cake ( Arachis 

(Recinus 

(Saccharam 



Indica ) 

hypoaea] 

communis 

spontaneuju 

Loss on ignition % 92-17 

92-25 

90-83 

91*5124 

1 , ,;Ash% 


7-83 

7-75 

9-17 

8*4876 

, HGi insoluble % 

1-0613 

2*0800 

2-85 

4-6839 

, Sesquioxide % 

0-4032 

0*5373 

0-4413 

0-8740 

Fe»Oa 

0/ 

/o 

0*1562 

0*2504 

0-.513 

0*3253 

Toul 

0*1572 

0*2083 

0 2016 

0-5283 

Total K^O % 

0-9273 

3*0754 

3-3273 

0- 975 

total GaO % 

1-6124 

1-4162 

1-6584 

0-7726 

Total MgO % 

0-6056 

0-4512 

0-6848 

0-6827 

Tota^l carbon % 

45-36 ^ 

39-40 

' 43 08 

39-6462 

' Total nitrogan % 

, 7*936'8' 

5-7846 

4-7890 

0*6817 

G/N ratio ' 

. ‘ 5*7' 

6 8 : 

8-9 

53*1 


Bbiaires of Bfiospliate 

PaOs% ■ ?. 

Belgian Basic Slag 

17*82 


1. Tata Basic Slag 

7-^7 3. i 

Superphosphate 

16*32 




TABLE 2 




100 gms Neem Cake 4- 40% moisture {control) Av. Temp. 36®0 

1 ^ ^ - - ‘ ^ ^ 

‘f'erihd of 

Total 

Total NH,— N NO,-— N 

Nitrogen 

Carbon 

oxidised 
/ ^ ratio 

(gms) 

'&posure 

cafkon 

nitrogen 

(gin) ■ (g^ni) 

increase (j}.)' or 

in days 

(gms) 

(gms) 

dec r ease {-■) (gms j 


45%‘“ 

7-93018 ' 

Light ; 



V. d ' ' 


* ' - 

- ■ 5-7 

■ 40' 

ss-Ss"' • 

6-0010 ' 

0-'6648 ■ 0-9384 

- 1-9358 

9-81 ’3-9 

• '80 * 

26*67 : 

4*3970 

6*4081 0’6665 

- 3*5398 

18*69 5-8 


"2F42' 

"'3-l'263 

0*3142 ' 6-5778 

-4-8105 

23*94 6*8 


. « , 1 #1 j ' ^ 

‘ ‘ Dark 


.1 

0 

45-36 

7-9368 • 



- 5-7 

40 

‘ 36-97 


0*4724, 0-7182 

- 1-4683 

8-39 5*7 

- 80 ’ 

>•-28-89; ! 

-•5*3335' •; 

0*2803 '0-4597 

-2*6033 

16*47 5*4 

120 

22-64 

4-5325 

0-2264 0-4018 

-3-6043- 

24*72; 5*2 
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TABLE 3 


50 gmi Neon' Cake + 50 nmj Kans Av. Temp. 36°C 


Period of 
exposure 
in day s 

-p4 

Total 
‘ carfeOn 
‘ (gms) 

- Total 
nitrogen 
(gms) 

NHs— N 
(g“) 

NO,— N 
(gm) 

Nitrogen 

increase 

(+) or 

decrease 
( - ) (gms) 

Carbon 

oxidised' 

{ gm ) . 5^^° ■ 

... , 



Light 


- 


0 

42-50 

4-3092 

- 




9*8 

40 

33-79 

5-0217 

0-2842 

0-3736 

+ 0-7125 

8-71 

6'7 

30 

25-68 

5*4167 

0-3742 

0-5141 

+ 1*1075 

. 16-82 

4-7 

120 ■ 

21-47 

5-0325 

0-3014 

0-4937 

- 0-3842 

, 21-03 

4*0 




Dark 




0 

42-50 

4*3092 

-* 

— 


— t 

9-8 . 

40 

<35-83 

4*8392 

0-2460 

0-2863 

+ 0-5800 

■ 6-67 

7*4 

-80 

*27-69 

5-1480 

0-3024 

0-4183 

+ 0-8748 

. 14-81 

5*3 

120 

■ .23-75 

4-9631 

0-2894 

0-3826 

- 0-1849 

18-75 

+6 




TABLE 4 





50 gms 

J^eem Cake 

4- 50 gms Kans + 0*5% as T, B, S, 





Light' 




*0 

42-50 

4*3092 





9^8 

40 

-28-39 

5-3493- 

0-3394 • 

0-5514 

+ 1-0331 

- • -14-11 

3-3 

80 

20-65 

5-8605 

0-4846 

0-7109 

+ 1*55-13 

- ■ 21-85 

^-5 

m ‘ 

^ -17-76 

5-6248 

0-4227 

0-6927 ' 

-0*2357 

• ■ -24-74 

3-1 ‘ 




Dark * 




a 

~ 42-50 

4-3092 





9^8 

4a " 

• -30-89 

5-0891 “ 

0-3012 

0-3604' 

+0-7799 

- '11-69 

6-3 

6a 

23-86 

5*3965 " 

0-3865 

0-4769 ' 

+ 1-0873 

+8-64 

4*4 

120 

20-92 

5-2793 

0-3364 ■ 

0-4327 

•- 0-1172 

- -2858 

3-9 




IABLE 5 





50 gms J^een Oaks -jr 50. Kdfts 





Light* 




0 

. 42*50 

4-3092 



- “ ■ 

- 

9*8 

40 

• 28-14 

5*3518 

0-3407 

0-5537 

- +1-8426 

14-36 

5+ 

80 

20' 22 

5*8745 

0-4875 

0-7145 

+ 1-4653 

22-28 

3-4 

120 

17-34 

• 5*6334 

04238 

0-6936 

-0-2411 

25-16 

3*8 





Dark 




^ a 

. 42*50 

4*3092 

— 

- 

- ’ '■ 

- 

9-8 

40 ^ 

‘‘ ‘ 30*36 

5-0908 

0-3047' 

0-3632 

+0-7816 

12-14 

5-9 

„ 80 ^ 

23*42 

-5-40 13 

0*3884 

0-4783 

+ 1-0921 

19*08 

4-^ 

120 

■*'20-48 

5- 2784- 

0-3352 

0*5335 

-0-1231 

■ 22*02 

S-8 
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TABLE 6 


50 gms Neem Cake + 50 gms Kans + 0'5% as Superphosphate 

Av. Temp. 36°( 


Period of 
exposure 
in days 

Total 

carbon 

(gms) 

Total 

nitrogen 

(gms) 

NHa— N 
(gm) 

NO,— N 
(gm) 

Nitrogen 
increase 
(-t-) or 
decrease 
( - ) (gms) 

Carbon 

oxidised 

(gms) 

C/N 

ratio 




Light 




0 

42-50 

4-3092 


— 



9-8 

40 

29-46 

5-1983 

0-3175 

0-4052 

+0-8891 

13-04 

5-6 

80 

22-32 

5-7263 

0-4498 

0-6426 

+1-4171 

20-18 

3*9 

120 

18-84 

5-6124 

0-3684 

0-6235 

-0-1139 

23-66 

3-3 




Dark 




0 

42-50 

4-3092 



- 


9-8 

40 

31-94 

5-0028 

0-2921 

0-3502 

+0-6936 

10-56 

6-3 

80 

25-12 

5-4639 

0-3784 

0-5007 

+ 1-1547 

17-38 

4*5 

120 

22-23 

5-3975 

0-3429 

0-4868 

- 0-0664 

20-27 

4-1 




TABLE 7 





100 gms groundnut cake + 40% Moisture [control) 






Light 




0 

39-40 

5-7846 

— 

- 


— 

6-8 

40 

29-71 

4-4261 

0-32'84 

0-5312 ' 

- 1-3585 

9-69 

6-7 

80 

22-52 

3-2857 

0-2196 

0-3128 

- 2-4y89 

16-88 

6-8 

120 

20-23 

2-9647 

0-2024 

0-3053 

-2-8199 

19-17 

6-7 




Dark 




0 

S9-40 

5-7846 

— 




6-8 

40 

31-62 

4-7887 

0-2864 

0-4127 

- 0-9959 

7-78 

6-6 

80 

25-26 

3-yl82 

0-2349 

0-2848 

— I*d6b4 

14-14 

6-4 

120 

22-68 

3-4261 

0-1924 

0-2785 

- 2-3626 

16-72 

6-6 




lAJaLE U 






50 gms groundnut cake -J- 50 gms 

Kans 






Light 




0 

39-52 

3-2331 




_ 

12-2 

40 

31-55 

3-8279 

0-1946 

0-2953 

+0-5948 

7-97 

8-2 

80 

23-70 

4-1222 

0-2463 

0-3679 

+ 0-8891 

15-82 

5-7 

120 

21-24 

4-0018 

0-2134 

0-3248 

-0-1204 

18-28 

5-3 




Dark 




0 

39-52 

2-2331 


— 

— 

- 

12-2 

40 

23-35 

3-6932 

0-1536 

0-2525 

+0-4591 

7-17 

8-7 

80 

26-75 

3-9573 

0-1847 

0-3218 

+0-7242 

12-77 

6-7 

120 

23-58 

3-8427 

0-1722 

0-3027 

- 0 1095 

15-94 

6-1 
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TABLE 9 

50 gms groundnut cake + 50 gms Kans + 0-5®/, PjOj as T.B.S. 


3- 2331 

4- 0866 
4-5328 
4-3624 


Av. Temp, 36‘^C 


39-52 

29-13 

22-76 

20-08 


39-52 

29-00 

22-44 

19-75 


3-2331 

3- 9157 

4- 2483 
4-1763 


3- 2331 

4- 0945 
4-5826 
4-3518 

2- 2331 

3- 9262 

4- 2532 
4-1822 


Light 





— 

— 

— 

12-2 

0-2794 

0-3867 

+0-8535 

13-00 

6-4 

0-3927 

0-6274 

+ 1-299/ 

19-68 

4-3 

0-3618 

0-6057 

-0-1740 

22-48 

3-9 

Dark 







- 

12-2 

0-2034 

0-3056 

4 0-6826 

10-39 

744 

0-2953 

0-3930 

+ 1-0152 

16-76 

5-3 

0-2657 

0-3758 

- 0-0720 

19-44 

4-9 

TABLE 10 




! + 50 gtns Kans + 0-5% as 

BJB.S. 


Light 







— 

12-2 

0-2816 

0-3928 

+0-8614 

13-27 

6-4 

0-3985 

0-6319 

+ 1-3495 

19-99 

4-2 

0-3624 

0-6164 

- 0-2308 

22-66 

3-8 

Dark 







- 

12-2 

0-2052 

0-3073 

+0-6931 

10-52 

7-4 

9-4985 

0-3945 

+ 1-0201 

17-08 

5-2 

0-2694 

0-3768 

- 0-0710 

18-77 

4-7 


50 gms groundnut cake 


table n 


39-52 

27-66 

20-04 

18-35 


3-2331 

3- 9864 

4- 3970 
4-1847 

3-2331 

3- 8183 

4- 1480 
4 0254 


Light 


M 

12-2 

0-2638 

0-4660 

+0-7533 

11-86 

6-9 

0-3874 

0-5586 

+ 1-1639. 

19-48 

4-6 

0-3465 

0-5427 

- 0-2123 

21-17 

4-3 

Dark 



12*2 

0*2034 

0-2662 

+ 0-5852 

9-68 

7-8 

5-8 

0*2957 

0-3306 

+0-9149 

15*41 

0*2629 

0-3154 

- 0-1226 

17-79 

5-3 


TABLE 12 


43-08 

32-22 

24-42 

21-36 

43-08 

34-77 

27-87 

24-59 


4-7890 

3- 7210 
2-7780 

2- 5430 

4- 7890 
4-0080 

3- 2850 
3-0480 


Light 



8-9 

0-2837 

0-1978 

0-1685 

0-4047 

0-2989 

0-2758 

- 1-068 
-2-011 
-2-246 

10-86 

18-66 

21-72 

86 

8-7 

8-3 

Dark 



8-9 

0-2163 

0-1687 

0-1534 

0-3488 

0-2257 

0-2183 

- 0-781 
- 1-504 

- 1-741 

8-31 

15-21 

18-49 

8-6 

8-4 

8‘0 


[ 509 ] 



TABLE 13 


9 


50 gms Castor cake + 50 gms Kans 

Av, Temp, 

, 36°G 

• Q 

40-36 

3-0762 

Light 


; 

13T 

“40 

32-05 

3-6053 

0-2043 0 2427. 

+0-5291 

8-31 

w8‘8 

ao 

24-91 

3-8914 

0-2634 0-3i24 

+ 0-8152 

15-35 

6*4 

m 

; ■21-94 

3.-6742 

0-2562 0-3284 . 

-0-2172 

,18-42 

5*9 

0 

40-36 

3-0762 

Dark 


» i 

13T 

40 

,34-71 

3-4853 

0-1578. 0-2H6 . 

+ 0-4091 

. 5-65 

9*9 

80 

28-12 

3-5968 

0-2007 0-2967 

-i-0-5206 

. 12-24 

7*8 

120 

. 25-62 

3-4654 

0-1M6 0-2824 

-0-1,314 

: .■'14-74 

t»3 

0 

TABLE 14 

50 gmsiastor cake -f 50 gms Kans 0*5% P^O^ .as T.B.S. 

Light 

. 40-36 3-0762 - ‘ - , - . - 

13*1 

4 :.; 40 

■* 27-51 

3-8668 

0-2864 0-3168 

+0-7906 

, 1^-85 

'7*1 

. 80 

. . 19-17 

4-2820 

0-3456 0-480§' 

+lr2'058 

!; ^o-ig 

4*4 

■ 120 

. 17-23 

4-1214 

0-3175. 0-4517,' 

- 0-11506 

: 23-13 

4T 

' 0 

40-36 

3-0762 

Dark 



13*1 

'.40 

•, ,29-46 

• 3-6945 

0-1976 0-2457 

+0-oj:83 

'10’-90 

7-9 

'•■«0 

23-29 

3-9990 

0-27,65 0-3233 

+0-9228 

17.-07 

5*8 

120 

, . 20-46 

3-8864 

0-2384 0-3083' 

-0-1164 

19-90 

5:2 

: ■ 0 

50 gms 

- 40-36 

castor cake 

3-0762 

TABLE 15 

+ 50 gms Kans + 0-5% as B.B.S. 

Light 

13*1 

* : -40 

. :: 27-14 

3-8758 

0-2912 0-3227 

+0-7999 

13-22 

7*0 

.•■i80 

. 18-83 

4-3142 

0-3483 0-4912 

+ 1-2330 

21' 53 

4*3 

;; 120 

w-i: 17-00 

4-1658 

0-3282 0-4632 

- 0-1454 

23 36 

4;0 

13*1 

■-;o 

- 40-36 

3 -0702 

Dark 



• .40 

29-08 

3-7036 

0-2106 0-2483 

+ 0-6274 

11-28 

. 7*8 


■ 22-92 

4-.0112 

0-2834 U-3318, 

+ U*93oU 

. 17-44 

5-7 

•Ko 

■•■‘• 20-22 

3-9642 

0-2416 0-3094 

-0-0470 

.•2Q-14 

5*1 

0 

50 gms castor cake 4 - 

~ 40-36 3-0762 

TABLE 16 

gms Kans -f- 0*5% P^O^ as superphosphate 

Light 

13*1 

!’’40 

■ - 28-50 

3-7658 

0-2528 0-3 L33 

+0-6896 

li -86 

7*5 

•'80 

■ ' 20-73 

4-1612 

0-3179. 0r4532 

+ 1 0850 

19-63 

4*9 

‘120 - 

18-14 

3-9262 

0-2952 0-4228 

-0-2351 

^ 0-22 

4*5 

■•lO 

40-36 

3-0762 

Dark 



13-1 

8-5 

- 40 . 

: £ 0-88 

3-6084 

0-1819 0-2320 

+ 0-5322 

•9-48 

•80 : 

14-E8 

3-8211 

0-2386 0-3193 

-t 0-7449 

15-98 

6-1 

!iaoi. 

.0; 22-12 

3-7346 

0-2046 0-3036 

-0-0865 

18-24 

,5-9 
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biscu^stoil \ ^ . 

' ■ ' . -s f ■< 

The foregoing experimental results show that nitrogen rich materials like 
oil cakes, when composted alone, undergo a loss of nitrogen. The loss of nitrogen 
frpm the exposed sets is always higher than that of the covered ones. The rate 
of loss of nitrogen is rapid in the beginning but slows down with the lapse bf time, 
jbhar and co-workers have advanced a satisfactory explanatibn for these heavy 
losses of nitrogen. When the nitrogenous fertilizers or substances containing 
proteins, such as oil cakes, undergo Oxidation under aerobic conditions^ Ac 
following changes take place : ' ^ 


Proteins - Amino acid^ 


nwL 


2 "d”^2 

NOg > NO3 


xNH.NOa = N, + 2HaO -f- 718 K. Gals. 

In these processes the unstable substance, ammonium nitrite, is formed as an 
intermediate product and undergoes oxidation and decomposition aided by light 
as follows • 


ii) 

{H) 


2NH4NO, 

NH4NO, 




: 2NH4NO3 


, . „ , + 2H^O -f 718 K. Gals. 

The second chemical change is moie prominent than the first and, hence, 
thete ts considerable loss of nitrogen ranging fiom 26*4% to 60*5% in light as is 
evident from the results given below : 

Loss of nitrogen (gms) 

Treatments Days Light Dark 

; (t) Neem cake 120 4’81Q5 3*6043 

“(n) Castor cake " , 120 2-2460 , J- 7410 ^ 

[Hi] Groundnut cake 120 2*8199 2*3§26 

But, when 50% organic matter as KANS is added to the oil (^ke^ mhd^rgomg 
decomposition, the loss of nitrogen is highly retarded as is shown in the followi^ 
tabic: 

Treatments 

(i) Neem cake + KANS 
(ii Caster cake + KANS 
(in) Groundnut cake + KANS 

But. when phosphates arc added along with organic matter tolhe oil 
there is marked decrease in nitrogen loss and also there is fixation of _a.tmwphmc 
StroVen The retarding effect of these phosphate may be expl^ned by tte view 

Doinf that during the process of ammonification and nitri-fication of 4rotein^ a 

to resist ammonification and nitrification, and, the loss of nitrogen checked 

is well known that decomposition of ammonium nitrite is - kccelerated by 
the oresenoe of the acids. When these oil cakes undergo oxidation, some acids 
a^e S to be produced whicH accelerate the decomposition of 

ritrlSC» thrio»ofm.rog». But, in «i. pti»>cc .t piosphat.., winch 


Loss of nitrogen (gms) ^ 

Days 

iiif^t 

- Dark 

120 

0^3842 

0,1949 >.<.! 

120 

02172 

01314- 

120 

01208 

,0-h995 H 
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Act as buffer due to the fact that second and third dissociation cohstatits of 
phosphoric acid are small, the increase in the H ions concentration of the system 
is not possible. 

The effect of KAN’S in retarding the loss of nitrogen s^^ems due to the fact 
that KANS is a carbonaceous material and acts as a negative catalyst and in this 
way checks the oxidation of proteins in the oil cako^. ft is well known that 
carbohydrates preserve body protein from undergoing oxidative deamination. It 
seems, therefore, that KANS also behaves in a similar manner in the oil cake 
composts, and preserves their protein from being oxidised and thus lost. 

As phosphates markedly inc/j^se nitrogen fixation and since the observed 
loss is a balance of total nitrogen Josses occurring and nitrogen fixation going on 
side by side, the phosphates behave as agent in checking the nitrogen loss. Dhar 
and Biswas’ found that when oil cakes are composted alone, there is appreciable 
loss of nitrogen, but, as soon as molasses is added, instead of a loss of nitrogen 
from the oil cake composts, there was fixation of atmospheric nitrogen. Dhar and 
AgrawaP have found a marked loss of nitrogen when oil cake alone is added to 
the soil, but, as soon as coal were added, they decreased the nitrogen lo.-s. 

Dhar and Mukherji® have explained the checking of this loss of nitrogen by 
organic matter from the vi ew point of negative catalysis as the retarding influence 
of an easily oxidisable substance upon the oxidation of other substances. They 
have observed as follows : 

Both carbohydrates and fats act as a negative catalysts and retard the 
oxidation of aminoacids and proteins, and, that is way carbohydrates and fats 
are likely to act as proteins sparess in the animal body. Similarly, the oxidation 
of carbohydrates and fats is also retarded by proteins and amino acids.’* These 
results have been confirmed by Ghosh and Rakshit^^. 

Mukherji and Agrawal^^, from their field experiments at Kanpur, have 
obtained favourable results for both wheat and sugarcane with SANAI (Sun« 
hemp) as green manure. They have shown that addition of green manure to oil 
cakes or ammonium sulphate leads to marked incraase in the yield of wheat as 
compared with that obtained with green manure alone or the artificials alone. 

Thus, my experiments reveal the fact that the loss of nitrogen, which is 
foimdin the nitrification of protein-rich organic materials, can be checked by the 
incoTp<^ration of KANS and Phosphates in the soil. 
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Possibilities of using microorganisms as seed inoculants 
for increasing crop production 


W. V. B. SUNDARA RAO 

Division of Microbiology, Indian Agricultural Research Institute, New Delhi 

Summary 

The problem of providing food to the nation is intimately connected with 
providing adequate proteins as its shortage in under-developed countries is acute. 
It is necessary, therefore to meet this through the production of pulses of high 
protein content and through feeding the cattle with leguminous fodder of high 
protein value. In this connection there is an immediate need to examine the 
present position regarding the type of Rhizobium strains that are now prevalent 
in different areas under leguminous food ani fodder crops. Investigations carried 
out so far revealed that the yields of these crops have been considerably low 
because of the poor quality of Rhizobium strains in these areas and inadequate 
supply of water and nutrients. Effective strains of Rhizobium have been isolated 
and after due testing are now 'being maintained at the lARI and a few other 
laboratories in the country for over 20 leguminous food and fodder crops. There 
is an urgent need to product these cultures on a mass scale in order to distribute 
them to the cultivators growing food and fodder crops. It has been observed 
that the specificity of the Rhizobium strains in cases like pea, soybean arid groun - 
nut is closely linked up not only with a specks but also with the variety of the 
crop in the particular species. Therefore careful investigation is essential to 
s&lict the Rhizobium strains suited to the high yielding varieties of legumes that 
are being introduced in this country. 

Even in U.S.A. where 4 million tons of nitrogen in the form of ar^cial 
fertilizers are produced, approximately 42% of the legume seeds planted each year 
are inoculated. It is therefore essential and prudent to make the maximum use 
of nitrogen available in the atmosphere which can be harnessed for increased 
production of legumes through seed inoculation m this country followed by suitable 
soil amendments especially that of addition of phosphates, boron^d molybdenum 
wherever necessary and correcting for acidity through lune. This will facilitate 
the diverting of nitrogenous fertilisers which are scarce to the cereal crops. 

The use of Azotobacter and phosphorus solubilising organisms has been found 
to result in increasing yields of cereal crops in specific cases. Carefully conducted 
eiSriments using raLactive isotopes P** showed that seed moculation with 
phosphorus solubilising organisms results in increased uptake of ph^hate from 
tricakium phospnate.^ The poientiahty of these organisms needs to 1^ exploited, 
for increasing tne solubility of phosphates available in mdigenous basic slag and 
lOckphosS Evidence's ^cumulating that the use oi bacterial moculant 
is more effective in soils of high fertility or when manures and fertilisers have 
been applied showing thereby that the contribution of these inoculants may be 
ofgrowtl. promoting tobstanco.. The m. of «ucroo,gam».m 
asaeei moculant i» recommended for incteaimg crop 

increase the beneficial effects ol added manures and fcrtihsers and thereby enhance 
crop production* 
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The problem of providing food to the nation is mainly a question of provid- 
ing adequate proteins as its shortage in underdeveloped countries is very acute. 
Nearly l/4th of India’s population are under 15 years of age and as such the need 
for proteinous food rich in amino acids for their nutrition and development is 
essential. Obviously one me-ins of achieving this is through the production of 
pulses of high protein content and through feeding the cattles with fodder of high 
protein value. In this country, about 24 million hectares of land are under the 
cultivation of pulse crops and about 6 million hectares of land are under fodder 
crops. In table 1 are shown the extent of area covered by pulse crops and the 
average yields per hectare. 

From this it can be seen that the yields are rediculously low and there is vast 
scope in increasing the yields of the pulse crops as well as the pulse protein that can 
beobiained through proper manuring and inoculating the seeds with efficient 
strains of hhkobium. In Table 2, the percentage increases in yields and percentage 
increase in the nitrogen removed by the crop that were attained in some of the 
experiments are recorded. 

Effective strains of Rhizobium are now being maintained at the I ART and a 
few oth(T laboratories in the country for about 20 leguminous food and fodder 
crops, listed below. 

Legumes Commonly Grown in India 


L 

Brrseem 

Trifolium alexandrinum 

2. 

Black gram, urid 

Phaseolus mungo 


Cluster bean, Guar 

Cyamopsis tetragonoloba 

4. 

Gowpea 

Vigna sinensis 

5. 

Dhaincha 

Sesbania aculeata 

6. 

Fenugreek, Methi 

Trigonella foenum-graecurn 

7. 

Gram 

Cicer arietinum 

8 . 

Green gram (Mung) 

Phaseolus aureus 

9.- 

Groundnut or peanut 

Arachis hypogea 

10. 

Khesari 

Lathyrus sativum 

11. 

Lablab (Country bean) 

Dolichos lablab 

12. 

Lucerne 

Medicago saliva 

13. 

Pea 

Pisum sativum 

14. 

Piilipesara 

Phaseolus tribus naripavarn 

15. 

Red gram or pigeon pea, arhar or 



rahar 

Cajanus cojan 

16. 

Soybean 

Glycine max 

17. 

Senji 

Mililotus indica 

18. 

S unhemp 

Crotalaria juncea 

19. 

Horse gram 

Dolichos biflorus 


In some of the field trials conducted indifferent parts of the country with 
Rhizobium cultures isolated at the lARI or at the State laboratories clearly 
denionstrated the efficiency of the strains. In tables 3 and 4 are recorded the 
total number of field experiments conducted with different strains and the number 
of experiments showing significant increase are given. 

So far as the experiments in the Madras state are concerned, they related 
to strains maintained in the state and experiments conducted in the previous years 
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by the State Investigators. From the above, the possibilities of increasing the 
protein supply from each acie to the population through increasing yield of 
leguminous crops is indicated and as such there is an immolate need to multiply 
the cultures on a mass scale and supply to the cultivators. But in areas where 
phosphate and molybdenum are deficient and the soil is acid, these elements are 
to be supplied and acidity is to be corrected through the application of lime. 
The use of Rhizobium inoculants which cost only about Rs, 5 for quantities required 
per hectare would definitely lead to increase the availability of protein food to the 
human and cattle population, and the nitrogenous fertilizers, to a great extent be 
diverted to cereal crops. Recently evidence has been obtained that specificity 
of the Rhizobium strains in cases like soybean is closely linked up not only with the 
species but also with the varif ty of the crop in the particular species. Therefore, 
investigation is essential to select the Rhizobium strains suited to the high yielding 
varieties of legumes that are being introduced in this country. 

It may be mentioned that in the U.S.A. where the production of artificial 
nitrogenous fertilisers amounted to 4 million tons of nitrogen, approximately 42 
per cent of the legume seeds planted each year are inoculated. It is therefore 
prudent and essential to make the maximum use of nitrogen of the atmosphere 
which can be harnessed for increasing the production of iegumtts through seed 
inoculation in this country followed by suitable soil amendments. 

The use of Azotobacter and phosphorus solubilising organisms has been found 
to result in increasing yh. Ids of cen-al crops in specific cases. The number of 
experiments conducted in India with Azotobacter and the number of exp Timents 
showing positive response are given in table 5. 

The one point that is frequently disputed in the case of Azotobacter inocula- 
tion is whether this organism can be introduced and stabilised near the rhizos- 
phere of agricultural crops. The investigations carried out at the lARI showed 
that under specific conditions namely after addition of large amount of organic 
matter and the application of superphosphate, the organism can be established 
near the rhizosphere. 

Rhodopseudomonas capsulalus and Azotobacter treatments result in an abundant 
establishment of the latter near the rhizosphere of the wheat crop. Besides 
bt ing a nitrogen fixer Azotobacter also synthesises growth promoting substances like 
biotin, pantothenic acid, folic acid, indole acetic acid and substances similar to 
gibberellin. Experiments conducted at Cuttack showed that when the soil was 
Lpplied with nitrogt nous and phosphatic fertilisers, the seed treatment with 
Azotobacter increased the yield of paddy (Table 6). 

It may however be mentioned in some of the^ experiments, the response to 
Azotobacter inoculation was not significant. This might be due to the fact that 
either the soil was very deficient in organic matter or phosphate or adequate 
inoculum was not applied or the soil already contained sufficient Azotobacter 
population or soil acidity was not corrected or the crop needed much more 
nitrogen than is made available through Azotobacter in the treatments where 
fertilizers other than nitrogenous was added. 

Carefully conducted experiments using radioactive isotopes showed that 

the seed inoculation with pho5>phorus solubilising organisms resulted in increasing 
the uptake of phosphaie from tricalcium phosphate by the crop (Table 7). 

There is need to exploit the potentiality of organisms for increasing the 
solubility of phosphate available in indigenous basic slag and rock-phosphate. 
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It may also be pointed out that the treatment of the leguminous seeds with 
phosphorus solubilising organisms and supplying phosphates to the soil in a rela- 
tively insoluble form like bonemeal or rockptiosphate leads to not only better supply 
of phosphorus to the crop but also better uptake of nitrogen (Tables 8, 9 and 10). 

Evidence is accumulating that the use of bacterial inoculants is more effective 
when manures and fertilizers have been applied showing thereby that the con- 
tribution of these inoculants may be through synthesis of growth promoting 
substances. The use of these bacterial inoculants is therefore recommended for 
increasing the crop production and for conserving the available fertilizers and use 
them over wider areas in view of the better availability of nutrients present in 
these fertilisers to crops when the seeds are treated with bacterial inoculants. 


State 

Uttar Pradesh 
Madhya Pradesh 
Bihar 

Andhra Pradesh 
Bombay 
Madras 
Punjab 
Rajasthan 
Madhya Bharat 
West Bengal 
P. E. P. S. U. 

Orissa 
Mysore 

Vindhya Pradesh 
Other States 

Total 


TABLE 1 

Area and Production of Pulses 

Area in acres X 10® 

10*58 
5*70 
5-43 
4-81 
3*28 
2*84 
2-72 
2*52 
2*19 
1-55 
1*20 
0-92 
0-92 
0-85 
1*08 

46*69 


Production in tonsx 10® 

2-00 

0*94 

1-04 

0*40 

0-40 

0*22 

0-64 

0-33 

0*c0 

0-39 

0*30 

0*22 

0*06 

0*13 

0*14 

7-51 


1954-65 Ttoal area under pulses 58-73 x 10® acres 

or 23*77 x 1C® hectares 


TABLE 2 


Legume inoculation 


% age % age increase in nitrogen 
increase in yield removed by the crop 


1. 

Berseem 

{Trifolium alexandrinum) 

133 

129 

2. 

Lucerne 

[Medicago sativa) 

35 

38 

3. 

Soybean 

{Glycine max) 

45 

60 

4. 

Urid 

{Phaseolas mungo) 

46 

26 

5. 

Sem 

{Dolichos lablab) 

133 

100 

6. 

Peas 

{Pisum sativum) 

39 

26 

7. 

Gram 

{Cicer arielinum) 

58 

47 

8, 

Gowpeas 

(Vigna sinensis) 

23 

33 

9, 

Arhar 

{Cajonas cajan) 

76 

— 

10. 

Guar 

{Cyamopsis tetragonoloba) 

100 

90 
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TABLE 3* 

Rhizobium inoculation experiments conducted 


Field Experiments 


Place 

Crop 

No. of field 
experiments 
conducted 

Significent 
increase in 
field expt# 

Bihar State 




Kanke 

Soybean 

2 

2 


Mung 

3 

3 


Urid 

1 

1 

Parmia 

Gram 

3 

1 


Khesari 

3 

1 


Kalai 

3 

— 


Pea 

1 

1 

Sat>een 

Soybean 

3 

2 

Patna 

Gram 

2 


Bakraganj 

Pea 

1 

1 


Rhizobium inoculation^ 


Madras State 

Simhemp 

1 

1 


Rahar 

1 

1 


Gowpea 

I 

1 


Green gram 

1 

- 


Black gram 

I 

— 

^ Communication from Dr. K. K. Jha, 



t Communication from Madras State Department of Agnculturc, 



table 4t 




Rhizobium inoculation tests with Soybean, Urid and Cowpea 


Field Experiment, Kanpur 




Yield of grains 

Increase over 

Crop 

Treatment 

(Kg/hectare) 

control (%) 

Urid 

Uninoculated 

1775 

- 


Inoculated 

i950 

10 


Uninoc. + P45* 

1825 

- 


Inoc. 

2090 

15 

Soybean 

Uninoculated 

950 

- 


Inoculated 

1088 

15 


Uninoc. + P^s 

1320 

- 


Inoc. + P45 

1808 

36 

Gowpea 

Uninoculated 

1775 

- 


Inoculated 

1650 

7 


Uninoc. + P45 

3180 

- 


Inoc. P45 

3270 

3 


* Superphosphate at 45 Kg. PaOs per hecWre. 
-^Data of Dr. B. K. Mukherjee. 
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TABLE 5 



Inoculation with Azotobacter 



Field trials 

No. 

of experiments showing 
significant increase 

Delhi 




Alluvial soil 

Wheat 

3 

Nil 


Peas 

3 

1 


Cabbage 

1 

1 

Cuttack 

Paddy 

2 

2 

Anaud 

Jowar 

3 

2 

Hyderabad 

Paddy 

1 

1 



13 

7 


TABLE 6* 



Experiment with Azotobacter in under upland conditions (G. P. R, L) 


Cuttack Field Experiment. (Unpublished Data) 
Yield of grain in Kg/ HA (Var. Paddy PTB 10) 


Treatments 

1959-60 

1960-61 

Mean 

M„To 

1170 

2028 

1599 

MoTi 

1187 

1856 

1522 

MiTo 

1494. 

2107 

2051 

MiTi 

2520 

2311 

2415 

MaT„ 

1318 

1996 

1657 


1325 

2130 

1728 



C.D. (0-05) 

117 


Mg - Unmanured control 

-- 30 lb N/AG as amm. sulph + 30 lb P^Og/AG as superphos. 

30 lb P/jOs/AG as supcrphos. + 30 lb K 2 O/AG as potash sulph. 
Tg - Uninoculated 
Tj Inoculated 


Experiment conducted in collaboration with C. R. R. ' . Cuttack. 

*SundaraRao, VV. V, B, (196'?). Nali'nal Institute Df Science. Sym nosium on Fertility 
of Jpdian soils, Madras (1961). 
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t^BtE ^ 

Utilisation of added by wheat (1964-65) as percent 

(Mean of @ Replications) 


Utilisation of added P^Og 


Treatment 

With FYM 

Without FYM 

s, 

s. 

S 3 

s* 

( 1 ) Uninoculated control 

6-81 

4-24 

6*66 

4*96 

(2 ) Inoculated with P. B 

8^92 

5*31 

7*70 

6’&7 

(3) Inoculated with 4 

£•18 

5-51 

8-87 

7-09 ' 

T’ test 

Sig. 

Sig. 

Sig. 

Sig. 

SEm ± 

0-583 

0-533 

0-533 

0-533 

G. U. at 5 ’q ;4z 

1-53 

1-53 

1-53 

1-53 


= Soil + tYM. 4- AroiD. Sulpfa, + Super. 

Sxj — Soil + FYM + Amm. Sulph. 4* Apatite. 

S 3 = Soil + Amro. Suiph. -i- Sup^r. 

= Soil + Amm. Siiipii. + Apatite. 

Suodara Rao. W. V. B. and B^jpai, F. D. (1^66). 

“isotopes in Agriculture*’ Seminar organised by tJielCAR at New JDdM. 
TABLE 8 

T otal F^Os uptake by cmvpea in tngjpot as affected by iumdatim 
(Mean of 4 repiicatiems) 


With FYM Without FYM 

s s s s 

Total ^ Total ^ % TotaL ^ % Total ^ % 

Inoculation PaOs increase P^Og increase P^O^ increase incfcase 
uptake uptake uptake uptake 


(1) 

( 2 ) 

( 3 ) 


Uninoculated 

control 

Inoculated with 

P. B. 

Inoculated 
with I 3 


‘F’ test* 
SFm ± 


38-71 

38-62 

- 

43-33 

42*51 


' 54-64 

41-15 50-45 

30*63 

63-30 46-09 

46-78 

.14-75 

50-60 

30-72 52-20 

35*16 

48-03 10-85 

45-98 

8-16 


Sig. 

Sig. 

Sig. 

Sig. 



2-825 

2-825 

2-825 

2-825 


1 db 

806 

8-06 

8-06 

8-06 


= Soil + 

pyxi 4 Super. 





= Soil + 

BYM 4 Apatite. 






bs = Soil 4 Super. 

S 4 “ Soil + Apatite. 

Sundara Rao, W. V. B. and Bajpai, P. D, (1^)* ^ 

“Isotopes in Agricidturc”, Scmiiiar organUed by itOAR at Mew Bdbt* 
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tAfiLte 9 


Mitrogen uptake by cowpea in mg j pot as affected by inoculation 
(Mean of @ replications) 


With FYM 
Si 

N % N 
uptake increase uptake 


Without FYM 

Sa S3 S, 

% N ^ % N % 

increase uptake increase uptake increase 


( 1) Uninoculated 
control 

(2) Inoculated 
with P. B. 

(3) Inoculated 
with Ij 

188-42 

208-25 

190-71 

147-35 

11-00 201-79 

6-00 215-02 

37-00 

45-00 

155-11 

228-50 

211-98 

47-31 

36-66 

166-85 

195-48 17-16 

193-72 16-10 

‘F’ test 


Sig. 

Sig. 


Sig. 

Sig. 

SEm + 


9-910 

9-910 

9-910 

9-910 

C. D. at 5% ± 

24-14 

24-14 

24-14 

24-14 


51 =s Soil + FYM + Super. S 3 = Soil + Super. 

5 2 = Soil + FYM + Apatite. = Soil + Apatite. 

Suodara Rao, W* V. B. and Bajpai, P. D. (1966). 

* ‘Isotopes in Agficulture” Seminar organised by the ICAR at New Delhi, 
TABLE 10 

(Field experiment — Delhi soil) [Unpublished] 

Nitrogen uptake by Berseem {1963-64) as affected by inoculation 


Nitrogen uptake by Berseem in g./plot 
Treatment (mean of 4 replications) 

Total of all cuttings (pooled) 


A. 

No manure ' 

1324 

B. 

P. B. 

1596 

C. 

I, 

1382 

D. 

FYM 

1484 

E. 

(D) + P. B. 

1935 

F. 

(D) + I, 

1795 

G. 

Super 

1920 

H, 

Super -f- P. B. 

1989 

I. 

Super + Ij 

2363 

J. 

FYM + Super 

2340 

K. 

(J) + P. B. 

2623 

L. 

(Jl Ij 

2443 

M. 

FYM + rockphosphate 

1487 

N. 

(M) + P. B. 

1983 

P. 

(M) +1, 

1849 


‘F’ tast* 

Sig. 


SEm ± 

167-9 


C. D. at 5% ± 

479 


(Joint field expenments by the Division of Microbiology and Agronomy, I.A.R.I. New Delhi). 
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